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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
light emitting element such as a high- output red 
semiconductor laser which stably oscillates in 635-nm 
band, 650-nm band, etc., at a high temperature, a visible 
semiconductor laser which oscillates at a wavelength 
shorter than 600 nm at a room temperature, a visible 
light emitting diode having a high luminous efficiency, 
etc. 

SOLUTION: The active layer 2 of a semiconductor light 
emitting element is composed of (AlxGa1-x)aIn1~a 
PtAs1-t (0<x<1, 0<a<1, 0<t<1) and the clad layers 3 of 
the element are composed of (AlyGa1-y)pin1-pPvAs1-v 
(0<y<1, 0.5<p<1, 0<v<1) having a band gap larger than 
that of the active layer 2 and containing Al having a 
lattice constant between those of GaP and GaAs. 
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[MfMSOlEH] 

*tiTi/>*iNW*5DHief fc*v»T» SttJittCA 1 , 
Gai-« )« In,-. P. Asi-t (OSx<l, 
0<a<K 0^t^l)*»64*)» *5vKJittSte 
g J: H^-V -y < G a P G a A s fc©IHI 

0«?^m^*-r^A 1 *£/J£(A 1 y G a i- y ), 
Ini-d P.Asi-, (0<y^l, 0. 5<0< 

2i\X^2>¥mW¥$ftm?KSs^T. fgfflfliCA 1 , 
Ga.-» )« In,-. P, Asi-, (0^x<K 

y KlttjSHScfc K*> -y 7tf*# < , GaPt 
G a A s t<D®<Dm : 3mZGtZ A 1 fc^A/ECA 1 
y Gai-y )» I ni-« P.Asi-v (0<y^ 
K 0. 5</?<l, 0<v^ DfrP.&'K Sttgi: 20 

try? vmtemc. Kyvf+yftfi&QmiLQ-ki* 

<i'7-vHJ;D^KAl 1 Ga,- ), I n 

P. As.-. (0^z<K 0. 5<y<K 
0 < u ^ 1 )A»6a*3tt*-f LTl^S C 

(Ah. Gai-.i )«i Ini-«i Pn As 30 
• (0<xl<K 0<al^l, O^tl^l) 

*»&ft»J» BfiJittCA 1 ,i Ga.-. 2 ).« In 
1-.2 P> 2 As. -. 2 (0^x2<K 0. 5< 
a2<K 0^t2^1)*^4!), *5?K«ttgte 
0/0- K4*+ GaPtGaAst© 
nB©«?Sa*^f *A 1 £^A,f£(A 1 y G a i- y ) 
« In,-< P.Asi-v (0<y^l> 0. 5</S< 
K 0<v£l JSttBfc^^y KJifcUDlB 

K4*+ v •?1$mm& t> *t < 7 5 -y KgJ: 0 
WKA1. Ga.- z), In.-, P. As,-, 40 
(0^z<K 0. 5< y < 1 , 0<u^ DfrSftSft 

4 ] l TlMlf** 3 n*»-*K 

V>3(A h Ga.-i ). In,-. P, As 

.-■ (0<x<K 0<a 1<K 0< t <l)fr£>& 
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S&I^Ga, In.-, P, As,-, (0. 5<y< 

6 ] mxm i 7^s»ar« 5 cD^?nfr-mfc 
Emto^mfcfmmTias^T, ? ^ -y kjiu a s 

A,W5(A1, Ga,-» )«In.-e P, As 
.-v (0<y^l, 0. 5<0<K 0<v<l)*>£> 

[»#«7] IS3j<S2 7^W*«6©lvfftfr--j|jK 
fe8c©¥«<*fSftgeHc*5^T, #Fg©te?£8tf±, 

mm. s i m«9( i v&mxm 7 ©^rnfr-^K 

E«©¥»(*:»?iaf?fc*l^T» G a PA 

stress c fc*wnk-r**w«fi3W?. 
[«*« 9 ] nt&R 1 nmmm 1 ©u^-r n**-at 

E«©*»(t»3K*?t*V^T» G a A s 

[flt$£ 1 0 ] M&l 9 15«©¥«i*M^?^fc^ 

t, mm^yyrmit, *©^ssk^«m*»r©» 

12] 9 iHK©¥«ttH^*?t£:fei> 

[ff^Sl 3] W*3a97!jSW*«l 2©Vvfftfr- 
tt. Gain PS^ttiG a PA s ^5^:5 cl ^^tf^i: 

^h?^43v^t, ¥w&mfa<Dmmi. doom 

^C>[0 1 l]73lR]JC0 o 7° ©IBHTffiV^ 

ffi, (1 0 0)flftp&[0— 1 0" 

5 5 4. 7° ©«HT«V^lf, Sfcti, CftSWMI 

011*91 1 5 ] mntm. 8 S felilt*^ 9 f2«©¥#& 

iLoT, G a P A s »«*ffi#8MS#Jffl£fc i !? ¥ffl{fc 
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mm 1 7 ] tmm 1 6 fBic©*^?^^*, 

li> Se^5xi0" cm" 3 J-X±tC K-^LfcG a 

[«$JS18] «*«9l2«©^&?£;ftjg?£:i3^ ] 
T, mm^-yyrmit. Se^5xio" cm" 3 a 
±fcK-7°L£Ga I nPT°&5 <Lt*<&mt?Z>¥m 

umm 1 9 ] mxm i nmmxm 1 8 ©^-m^- 

5? fife fe ©T< 35 5 c £ f * ¥*f#83fc*?,, 

n**« 2 o ] 1 9 &%<D¥m#mm? £*> 

[000 1] 
[0 0 0 2] 

lWk<D#M A 1 G a I n P&tffitiu A 1 G a I n 
ft* J: tf B (tfn I II - VSe¥» 

-y 7x*;I/^-Bg;*:T*£j 2 . 3eV(if5 40 31 
OSBfc*?^, U—ifZfV >£, CD, DVD^©ftS 

frii*ffl*tffli^6n*BiS3ttimK*u- j ? count l 
gf*u-iftc«, g a a s acfi(c«7B^r«im«tffl 

[0 0 0 3] *H»U-if*^«t*fe«>ttt % 4C 

(DH)fl|jfiT»JH»fifc1-*«^H:?SMUHcttA l tfSfiQ 
£ftfcA l G a I n P£ffll,>S&g#&3 0 A l ©j&ta 
tt/<> F¥+ v 7*** < 1 53»*^**^ A l 

*<:t% mm&zm&ittsi&m&tisT. sis 50 
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•Y Fil^LTA 1 G a I n P^fS^ft S C H-QW (Se 
parateConfinement Heterostructure-Quantui Well) 

#KR*6-7 7 5 9 2*§fc^£ft;&J;3^ 

©T\ *S?«»^ei:*Bf!tiiWWT©JP**fflv^sc 
£tfT't-5 0 Sfc, 6 3 5 nm^©j;34MlU- »f 

ffiW-6-2 7 5 9 1 5mZ7jx2i\T^Z 0 3iat)2WP 
SB, StST&SG a A s tftLTG a P tCifil^ffifiSc© 
Ga I nP£&3©T\ F^-V y T'fc&UE^SW 
Flltctt LT#pJli: LTjHE&jp£©#Fg£ffli^;s 

TM*r-F£&3fci6, ffl©j£fi^©JI3t©¥3|#U- 
*f (TE^E-F) k«W9 0" j1oT<3©T\ ^© 

[0 0 0 4] LfrLfttfS, (AUG a,-, ) 
0. s I no. s PftAV KStcB^BBU^SnS 
A IfifiKxtfaHtO. 5gg£*tWci&, P-lf 
©£i!f5®i:ft3ii$ffiT*©A 1 £jBH'r«£ffiffl&&k: 

[0 0 0 5] *fc, A 1 G a I n PI'NfD^M 
Ec) W«MTf, A^ttS3b> 

'IftW. WAIf6 3 5 nm1S, 6 50nm»fe 

[0006] c©j:5<j:iaijH*»a-rsfei&, jsitjii: 
(mqb) mmzmv, &\**v7%&v& 

ftSTOWIW^- 1 1 4 4 8 6€£3f^£nTi,> 

?su^;i/T?¥at-rsi^s*^t), sulci**-©*** 

[0 0 0 7] COi^^ ^©GaAsSKftTfl^ 

^ (0IJA(f8O o ) , mmtl (M*tf3 0mW« 
JO . (fl«*{f-^|H|) 1-^6 3 5 nmfS 

fB©<fc9t, GaAsJ;»)tt?S»*VjN*i^A 1 Ga I 
n PmUmt, G a A s2lfeJ:»CJ|gST*t ^UHizit^ 
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T7-f Mrlr-y^aOT?* S»J6<tKWfyp*So £© 
<fc?fcffl!©*m£*B^fcfffiSft6 0 0 nmWTOJS 
8fiU-*f©Sg#££ftT^So fflliLtf. G a PSffi 
it, *57FIkLTAl, Gai-, P (O^y^ 
1) S^fcLTiaaa8S!©ffifi§SGa, I 

n.-» P(0<x<l)«ffll\ jsttJitettr-rvxp 

£ ha^7^ h^-V 7* (Isoelectronic trap) (DT-ffli 
%!>tLTNZh'--7Ltzm?tf¥fm¥6 - 5 3 6 0 2^ 

5tVvhW2t>Z>t>\ ItGaP fctt?SSfcb<56< Tit 
SliWSGao., Ino.3 PSttJgttSVTfe 
G a P Mm t 2 . 3 LT*5 S , «?^F«^ 

[0 0 0 8] GaAslfiilCGaAstGaP 
fcCBOtt^^Rj&^-rS (A 1 G a ) a I n i-> P 

(0. 5l<a^0. 7 3) frZiZZp-Jfr^Tamik 
flc*. cn^fl^nGaP, As,-* /^77 
«42*ftLT#litt**?*M#ll¥5-4 1 560§ 

KaaisnTt^o c©8*th\ ^yyrmicx^m 

1 lc»f ^g[k/^> F*+ *y ^x^l/^-fcOBBfl.*^ 
"To 0 1 fc*t»T, £lftaii&S&©tt£k ttlitt:IH,& 
»OtfflT*8. GaAstGaP fc©IW©tt?£S 
£*-t£> (AlGa) . In,-. P (0. 5 Ka£ 
0. 7 3)MWA1 InPtGalnPttiSn 
feKlOSflnS. C©fiffiTH\ GaAs»frfS? 
Sl£*m<fct> 7^*4^7^ l G a I n P£^<y 
KMfcS14Jlfcfl3^SCi:tfTt5<DT% 600nmJ; 

t> s^»s© u— m&&itic m z> c £ 

fr£ D L6>b*^6, W5-4 1 5 6 09ica3&£ 
tlTV^S U-^-lf tt, 6 0 0 n m £ K> Jl^Sfi© U— 9 s * 
HSf5fe»Oi(!iftA^6a:'J» 635nm, 650nm 
mm<D 600nmit) fiVjfifi© U— «f Lfcffiig 

ttli, BS&SSJfflTfc* Al InPiOtGalnP 
©£#, £&3&'?$3Ga.£j£tf0. 7 3*T*©«H 

7°*mtfjILT^£©T\ GaP©tt?®&lCfi^tt? 
^R©A 1 (Ga) InPM^fcWiV^, iifc, 
6 3 5nm, 6 5 0 nm^jgttJSC^tftS (A 
1 ) G a I n P©«?£»«\ ^7 FM©*nfctt* 
*<rtiTbSV\ ***JBEI6£**sU ff$L<4^ 

[0009] 

g^ijffTi. 635nm, 650n m*|f5©#ft¥ 
>f, SiBJCfe^T 6 0 OnmitJl^gt*^ 
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[0 0 10] 

o»i*i¥i*-r*fc«&©¥ga ±Eg«*ajitrsfci& 

JI&CA 1. Ga,- ). In,-. P, As 

.-. (0<x<l, 0<a<l, 0<t^l)fr?>& 

aPtGaAs fcOMOtt^JHR**-*-* A 1 £^A,fc 
(AlyGai-y )» I n,-* P»As,-, (0< 
y^K 0. 5</3<K 0<v^l)A^45ilt^ 

[ooi i] sfc, ni«9i2ett©iB«^ *m#mm 

±K, Jtt%»*rsJSttJIfc3fc*l«Ujii&*^5yFJi 
fc^^S'Nxn^A^^nTV^^ft^H? 
HlfeV^T. ffittMfiCA 1 « Ga,-* ). In,-. P 
. As,-. (0^x<K 0<a^K O^t^D* 

+ 'V TV*** < , GaPtGaAs i:©IH©*fr?£ft* 
tr5Al*U«(Al, Ga,-, )»In,-, P 
-As,-, (0<y^K 0. 5<jS<K 0<v^ 

ty^SttiJ:5*t<*7">' Ffl«fc»)/Jv£KA 1 
. Ga,-« ), I n,- r P„ As,- „ (0Sz< 
1 s 0. 5 < y < 1 , 0<u^l)fr5W*tf>rKI 

[0012] $fc, ii^3iB«©^a, *m&mm 

. #P«jSTfet>, #Fia(A 1*. Ga,-,, )., 
In,-., P,, As,-,, (OSxKl, 0< 
a 1<K 0=St l<l)fr£>ft*K Btgg«(A 1„ 
Gai-xj ).j In,-.! Pu Asi-,2 (0 
Sx2<K 0. 5<a2<K 0St25l)A^* 
t) , ?yv FHBiSttJI * F^^f >y y^Tvt < , 
GaPfcGaAsfc©H©*fry£S£*rrSA 1 *#A, 
40 f£(Al y Ga,-y ), In,- ( P. A s ,-, (0< 
y^l, 0. 5<0<K 0<vSl)^5ft5, 
Hi:^7>v FSt©M-c x /OF^-v-y^jgffiiit) 
i:t<^77KiJ:!5/WV>(Al, Ga,-, ), In 
i- y P. As,- U (0^z<K 0. 5<y<l, 
0 < u ^ 1 Wtt&ytffJ K**# LT^5 C 

[0013] $fc, m&m4mm<Dftw&. n#mm 
s»**3 ©^rnft^«tE«©¥»(*«^«?te 

V^T, g-SSriA s*#A/Z?^*(A 1 . Ga,-, ). 
50 In,-. P, As,-, (0^x<U 0<alS 
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coo i 4] tfc, m?m.5%m.v>wm, w*«27i 

l^T, JIMf-f K*I4A l^Sft^Ga, I n.- r P 
u As.-u (0. 5<y<K 0<ui 1 

[0 0 15] £fc. m£36SEKa£H». M#JBl71 

5 ©^-rn^-js^fem^^ft^^^fc 

I^T, ^7'yKIttAs^T'M(Al» Ga 

i- y )* In,-* P, Asi-, (0<y^K 0. 10 

5<0<L 0<v<l)fr5ftSCk*1$tItfcLT^ 

[0 0 16] Sfc, M*S7E«<iD«WH:, »*«271 

[0 0 1 7] g-fc, flt£38EK<D%<!IJ& W*9H71 

±fc^T-nS^#8ftjSft2FnTV3 C L 20 

COO 1 8] »*«9E*0«Wtt, 11*31171 

t^T, if|ftifiliGaAsSftliGaPfr64»), * 
^77 KB fcOIBUc, iff #£Dfg?^g£i|f fn 

n-cv*c lti^*. 

COO 1 9] flt&gl 0E«<DfSJ!»i, tt*«9 

CO 0 2 0] £fc % ff*«l lEttOJBfltt, lt$£9 

co 02 1] ifc. at&gi 2C«oaw», m$99 

mtPblZZCtZftWLtLT^Zo 40 
CO 0 2 2] Sfc* flt$g 1 3E*©«Wtt, »«5I9 

tfe^t, ^lP^-y7 7l{i, Ga I nPSfc&Ga P 

CO 0 2 3] $?Cx 4E«O^Wti, M$£8 

S«©ffl7Jfi[{4, (1 0 0)IA^[0 1 l]l5folC0° 
£5 4. 7° <0S5HTffi^fcS, $fcH\ ( 1 0 0)ffifr 
P>[0— 1 l]?3(S]t 1 0° fr£5 4. 7* ©IfiBTttl^ 
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CO 0 2 4] £fc, 11*5 1 5E«©«W(4, H*«8 
$fcttlt*99E^^*f*?g^?t^^T, AfD 
»^#tSilJ*ft£nSfc$fcioT, G a P A s St&g 

CO 0 2 5] *fc % 11*511 6ett<D«BW\ tt*S8 

So 

CO 0 2 6] $fc, flft&g 1 »*5 1 

KSIWi^flT^SItt, Se^Sxio" c 
nT 3 ULhtH-7'LfcG a I n PT'&^Ct^mt 

[0 0 2 7] ffi&Hl 8Et©^li> tt*«9 

E«©¥$?#SS7fciiS?fc:*5^T, aa/^y7r*tt, s 

e£5xio'" cm" 3 W±fc K-7*LfcG a I n P 
[0 0 2 8] sf*5 1 9K*©3SI»«, 1 

[0 0 2 9] »*«2 0 82«O«Wtt, flt$R 1 
9E«©¥#f*i^sl?ti3^T, «a^y7r*tt, 

[0 0 3 0] 

8-p*v^TIMBJ-r§o H2»*»^li:««iN|ft5Kiaief 
©fllSWS^-rHTftS. B2*#fig-r«i: % 
ftSBt*? tt, G a A s 1 ft£5S£ 

f5}S14S2 tytZmt&tbZt^y KH3 i:%^-r^ 

CO 0 3 1] £ZT\ *»W©» 1 ©||Jft«JK7{i, g 
ttJ!2tt(A l.Ga-, ). In,-. P, A s 
i-. (0^x<K 0<a<l, 0<t<l)^?,^ 
*). K»3«g14S2i!?^yF4 ;j p>y7 , *^f 
<, GaPtGaAs i:©M©t&?^&^^-r-5 A 1 % 
^•A,fc(A 1 y Gai-y )/, Im-» P. A s 
.-» (0<y^K 0. 5<0<K 0<v^l)^e, 

co 03 2] z<D%i<Dmmmvit, 777K13 

14, GaPtGaAs <0M©«?Sft*S-r * A 1 
h,1Z(k 1 y G a i-y )» In, -ir P. As,-. (0 
<y^l, 0. 5</3<l, 0<v^l)T*$^ Ga 
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A s 1 t»j*Tf * S * 5 y FJWfJR J: 0 

H2&(A1» Ga,-, ). In.-. P, As,-, 
(OSx<l, 0<aSl, OS t S l)fr£,&3(7)T\ 
*7-y K«3KWLT2**Wr«Ctfe#, 

-fvT 0 ) Kf*CfcfcT*«o $*J;0?g? 
^tt<D#l*^t<i£^t), 6 00nm«):D^8ftO* 
600nm«fc»)S^5©^Sg^C43^Tfe 

[0 0 3 3] Sfc, *«lfi©JB2<Dia6JB«T?tt, 02 
©¥&#fgttiii?,C*5^ T , gttR2l4(A 1 x G a 
.-, )« In,-,- P, As,-. (0Sx<l, 0< 
aSl, OStSl)*— I7#pfr£>&t>, ^rvF 
6 3 ttSttJI 2 £ 0 F#+ -7ft±% < G a P t G 
a A s i:©BO*f 3ta*#-rS A 1 Z$k,tz(A 1 , 
Gai-y )„ In,-„ P,Asi-v (0<y^K 
0. 5<0<1, 0<vS 1 0, ^xng^-gp 

4JC431/>X. gttJi2fc*5'y KS3i:<OHK{±, 03 
t^Ti-St, /<>K4f+^WiSffil2i{)*t<^ 20 
^•y KB3J:t>/h£WA 1 , Ga,-* ), In,-, 
P. Asi-u (0^z<U 0. 5<y<l, 0<u 

£Ofr&fc*w#>i'FS5#t«*6tt-Ev>s. 

[0 0 3 4] C©ai2©5*fl0B!grt*H\ *7yFl3tt 
GaPiGaAs t<OM©«?£»%W"r * A 1 £#A, 
fc(Al y Gai-y ), In,-, P,As,-. (0< 
ySl, 0. 5</?<l, 0<v^l)TS0 > G a A 
s ¥?fftS« 1 * ^ 9 y K JKm J: »J F 

<^5fttWfiJT^5o £fc, (A 1 
* Ga,-, ), In,-, P„ As.-u (0Sz< 30 
1,0. 5<y<l, 0<u^l)fr64WKI. 
5tJiD*(Al, Ga,-, ). In.-. P, As 
■ -. (0Sx<l, 0<aSl, 0<t^l)frt,&3 
¥-S?#P©?gte/l 2t±DSC H*i6*J&£L--CV 
£©T*, G a A s ®Kt£?g£#fU04>fc^A 1 ffifiSc 
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&0, *tti*t*tSS»f^3b^Ifl6fca5 0 £^>y 40 

fti 0x^1/4!-*+ y^*»<r* «-u-4=+'j»:/ 
CHT'tS. GalnPttGaiaS. 
< < ft* £ ttic^y F# 

^^(^(SS,, Sand i pf (A p p 1 . Ph 
ys. Lett. 60, 1 99 2, pp6 3 0~63 
2) KJ:«/OK^aia©ja«fe0*#«k:l-*i:» A 

> f*+ » ^o^tttenwffljTSc o , mm^mo 

£ATt>W??f©x*;I/4 : -©Xfl:i4/Jv£i,\, -75, 50 
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Gain P'NA 1 ZWfin+Zt, £a£?&X*;l/^-,i* 
* < 4 0 ffiM^flfx^^-tt/JxS < ft 3 0 tomtit 
WfUHHOTStf**^. ft*, GaAsS^±«3ST' 
«, *t£A 1 SfiSt^A 1 G a I n PJ&ftjff-Y FJf £T 
£&S#£0, Gain P«?#pJIi:©HK:*tfcffi 
«?#«©>*> F*»lfc£*fl,-rvfc <) 0*0, fiSWIf 

ijo/^ F^atttt^^t^-pttft^ofc. tnt 
oa ias%fi»-pt5<o-p 4 ^ta^mf/^K^a 

tt#fc&ft*o CttfcfctK fikfeA 1 G a I n P^tfft 

ffi.ff'b2^rz!sb<D*v V 7 (*?) *-A-7n-^f 

ff©te#*£<j£#3©T\ 6 0 0nmit)MI(D 
6 00 nmiOgV^kg©?!?^?^*^ 

[0 0 3 5] tfc, *SS8©»3©*SI0BliT»4, 0 2 
©¥3lfl#Bfc*?K::i3^T. '\fnJS£gM© 1 gttJl2 

0, ffpJiliCA 1 ,1 Ga.-,. )., In.-.. 
P.. As.-,. (OSxKl, 0<«1^K 0 
St lSl)fr££0, MBffliCA 1 ,2 G 
a.-xz ). 2 I n 1-.2 P.2 As,-.! (OS 
x2<l, 0. 5<a2<l, 0St2Sl)7>5& 
0 , 2 ? v h'B 3 ttiSttJI 2 J; 0 ^> F^ ^A^t 
<, GaPtGaAs fc©M®tt?£S*Sf S A 1 * 
tUc(AI, Ga,-, )» In,-, P.As 
.-v (0<ySl, 0. 5<^<1, 0<vSl)^S. 
ftO, 'vrng£g|54K*5l/>T, gftl2fc^7yKI 
3t<DHtS, 03^^Lfctlimc, /^m-yT' 
*<SSJi2 iW?<^77 FP3 itxhJWA 1 , 
Ga.-, ), In,-, P„As.-n (0Sz<l, 
0. 5 < y < 1 , 0<u^l)*5ft§^VKi5)!) s 

[0 0 3 6] £©£3<DHa0BtB-e«\ ^77KI3 
«, GaPtGaAs OHOtt7£ft«*-r 5 A 1 
Uc(A I, Ga,-, ), In,-» P.As,-, (0 
<ySl, 0. 5<jS<l, 0<vSl)T'^0, Ga 
A s¥a§&8® 1 KJWfflJ:Drt> 

(Ah Ga,-, ), In,-, P„ As,-, (OS 
z<l, 0. 5<y<l, 0<uS 1) frZKZftjM 
FH5, *3&Xf % (A 1 Ga,-,, )., In 

P., As,-,, (0Sxl<l,0<al 
21, 0<tlSlWi5if#pt(Al, 2 Ga 
,-,2 )«2 In.-. 2 P 1 2 Asi-,2 (OSx 
2<1, 0<a2Sl, OSt 2Sl)*xP,ft§|^ga 
tc<k 0 S C HM7&*mf&LT^%<DT\ Umctt^TX 
FB5<DA 1 ffi^fiMT*, |f5SemS^t«£<0 
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*3fc#LT#PMK£**5T*Ckt»T?SN BSJI 
©S£©73 fa*#PfB tfcW5fo kt&Zt t'#Pl© 

So Sfc, £S*?#p«fck-r* U 7*+ 

#fc#FJiK:«uafc*ck#i3!llk!8:S. $fc, ft* 
#$J;t)x*;l/#-^y7*$K-r5 «-a-:p*y 
^tCfi.) Ck£>T*#3 0 Ga I nP«, Ga 

fi#*/Jv£<T*k, <&*fckfefc^ 10 

y*K'lft9^*<48. SandipP. (App 
1. Phys. Lett. 6 0, 1 9 9 2, pp630 
-6 3 2) KJ:*^>H3Fjia©aat»t)*##cr* 

k, ^> f+> >y -fcDmtizBmftmT'&z. t> ffim?m 

Gain P^A 1 JfeSftrTSk, ©Wfx*;P*- 
tt*4 < £ 19 iM^?lfx*;l/*-tt/hS < ft 3o ^©^ 
fctt«t?»llO*««**^. flat, GaAsIM 
StT?fi**fcA 1 fflfi£©A 1 G a I n P£)t£V KMK 20 
Gain P*?#pJIk©|IIIfc:fc£ft 

*Wfl©»3©iaiMlcJ:fttf, JMWKJi 

5©a i«*«flare**<DT, 

a*6W»6na. cncj:o, ftfcA icain p&b 

Sofco t©fc«>, HE*J:»)*?IHH'0«*«**<lt«« 30 
5©T\ 6 0 0 nm<J;!3$§l<ifclS©&&£1\ 6 00n 

£CktfT?t3o 

[0 0 3 7] tZlts *«W©SB4 0lUB}B«Ttt, ±E 

us i . as 2 * fciin 3 osist»iio¥SK*ajtt*f Efe 

S14JI2tt, AsS^A/Tt^CA 1. Ga 
i-, ). In,-. Pi As.-, (0^x<K 0< 
ol^l, O^t^Di^SoWS. 
[0 0 3 8] C©M!4©S£fii0$iT«. ks<DWMZ* 
V < -r*®T\ «?€8K)^G a P Kfi • 40 

< *£ft/^ F^-V y 7°T'££ * => y FJB 3 fcfll^fc* 
63 5 nm, 6 5 0 n m^lr© 6 0 0 n m <t t> 
MSOlfKSEftS. ft*©GaAs 
^»ftg«±<7) 635nm, 650n m*©*^ J±^ 
T^tft/C/F**?:/©*?? F»3kfttK *+U 

[0039] sfc, *«w©a 5 ofmsmva. ±e 

SB 2, JB3*fett»4©|ltt«l8©i|i»*5etilf?lCfe 
^Tx F® 5 fi» A l£#S:ftt,>Ga r In 50 
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.-, P, As.-u (0. 5<y<l, 0<u^l)fr 

[0 0 4 0] <:©!!§ 5 ©H»J£«, «S?SStf)<G a A 
s J; 0/h£< £3 k^>K^+ <&tK IWJC 

*3£kfc:sSIl,T&Snfct>©T?fc»K C©H5©H 

wamKxwt* tse*cit^T3t3?-rK»5©A las 

£<£MT*t£ 0 {flJAtf G a A s ft»g 1 ±©*£U 
— fT'lt. F^-V >y 7°j£fi# 5 7 0 n mgg 

©(A 1 n. s G a o . s )o. s I no. s Pi'ffl^c, 
*lTV£*V H5©^S6^9l©GaPkGaAsk©P^ 
©«m£S*S-f3tmfc.l:3k, Al^fS^Ga 
0.7 I no. 3 P£J:t>C©^yK*>\v7 , }fc5#ii 
$£ft3 0 £©fc&, 6 3 5 nm, 6 5 0nmffO^ 

a i tcmm-ztts&mm&m, &wmm 

*ck#T*» *BH*fl:tfc<<a»), wm^tftss 
IftflOTfikftS. 

[0 0 4 1] *^©Mf6©Hfi{i0SlTtt, ±IB 

91, H2, S3, tg4Sfc&3l5©||$!»D¥*tt 
SBfcJfcFfcfc^T. Fga A s *#A/t*t/^ ( A 

lyGa.-y )» In.-n P.Asi-» (0<y^ 
K 0. 5<0<1, 0<v< l)3b^ftoT^*b 
[0 0 4 2] (10 Offi-^C 1 0 0)*->e.©lit)bV>£^ 
GaP, G a A s , GaPo., A s«. t UltMOCV 
DffiSSTA 1 Ga I nP^figS-TSk, fiKfigffitcta 

•y^k*tfnsfi«^»^sasK*nfe. cntt, a 

1 InPfOAl ta«#*£^«£fc1#teK&T?fco 

If, LEDfOf/^XltttSKLft^ $8$!)* 
mk-ri^Hi:%t3, ££±#$L<fcv\, «ft*(CA l 

Ttn>y^A«^tl5o *^©^BJ#5«, A 1 Ga 
I n PjSflMJfcA s*£$-&3CfcT?fcO'y*©ffcg* 
»*tftS<:k%^ffiLfco 01 Ka), (b)fctt, 
(1 0 0)ffi^6> [110] ^(n]tC2° off LfcG a P 
0.4 A so. 6 xeifiiOA 1 I n P (Ell 1 (a)) kA 
1 I n P A s CM 1 1 (b))©Sffi/v;l/X+- (&S 
^tn^-) 3fK*^-r. <:CT\ 011 (a) ©A 
■1 I nPkBl 1 (b) ©A 1 I nPAskti, 7 50 
"CT'figfibfco A 1 I n P A s © A s 1 0 %T 

Sofco tP'^lilfiMi^MU Al InP© 
fiEft^aS^7 0 0*CA>^7 5 OtEl^CtT'tn-y 
01 1 ( a )fc*f 

t\ i/3^Uft3V6» A s*^ia-rsckT\ 01 1 
(b)^-TJ;5^ HD-^fSSta^tSCkS^ 
t fee )&:SiSfi£ 7 0 0 tfcW fe RUSt zuyt® 
Sff»«Lfc. cnti, AllfeliGa©KDy/l/7 

ng^sPA5.n5fc«>T?fe5k%^e.n5o Asii 



13 

v*«fi©ffi*a&*{i**j&»ofco a sjStatistD 

[0 0 4 3] $fc % *»WOa7 0|ltt»|R-ett, ±IB 
W2, S3, £4, JB5S fcttS 6 ©£»««©¥** 

E*£**LTV*fc©fcftoTV* 0 
[0 0 4 4] fE*<DGaAs*ttLt©6 3 5 nmflru- 
*fT-tt, JHIffi#;FJlfcrsfc/<:/F*+y7V&Mv!r^ 10 
WR (±fcG a I n P) kftt), #p«W!fc<fte)r 

ct^e., 3i3i*)^#pg^u>&nTt^o £©fc 
hji©s 6 ommmm-eit, f#* <v 74**:t < 

©T\ FS 3 «fc D*?S»*^#lr^fi*#pJi 

tffl^Tt,, «5i^iP$oa?#ps^jgfigT*t, stt 

tl©ESS6 3 5 nmfl/- Vm&Z&mKft&Cttfi 

-S»$ftti&©&fi^©U— !f2:niCK»»)3tt* 20 

CO 0 4 5] ttCs *8«B©SB8©fSJtoB»T?tt, Jg 
1, $2, S3. S4. S5, K§6£fc&S7©»g 
«8©**(t««iR?fcfeV^T, ^HftSS IttGaPA 
sfr649, £©*3l#S«l±fc:'VrDjg£SM4H8 

C00 4 6] C©»8©Hfl0BflBT»±» GaPtGaA 
s ^©P^tex^&^&SG a P A sS\ GaPfM 
G a A sS1gl±fcJp< (ffllAtf 3 0/im(DfJiC) J?5c 
fib, HM^CGaPAsSS^^^SfcCD^VPE 30 

SPfc-Nx njj^gp 4 C>&<tt^7'yK!3) ©*&? 
H Clc-T 5 C t T\ < **m£*$fi 

CO 0 4 7] i£fc % *»«©* 9 ©£*}&«■?», % 
1. S2, S3, S4, »5. »6Sfc«»70HfiHg 
»OiWW*«3HIS?|c43V^T, 1 (i G a A s 

*fcttGaPft»5*»K H4C3?-TJ:5K:, ¥*ft£K 
l i-?77 KM 3 fc©l«fcW#<Dffr?*B*«art-S« 
ft/^77l6 bT^xag^gp 4 4<*£Sfi£fi£n 40 

CO 0 4 8] C©»9©*fiBg||Ttts GaAsSfctt 
G a P!S£l±£tt?^SmFr«Cfc'<y77ll6 

^SnT^xoSteflU Sfc, -Kb 

-&©gBT'?gt?©T*!gST*2? 537h»WJy 
h4<&5 0 

CO 0 4 9] fcfe, S9©HSi6^©iNI*^ll?K 
fcl^T* «&/W77*6tt, f©«7£ft«UMM44t 50 
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« l ©*?saS3bi»6jjUWriRltfli^k:aftbT*7v K 
V 3 ©*?sa»H3&3< ^U-x-y FJf £ bT8l#T£ 

CO 0 5 0] CKOi-pC, ^U-7*v K**ttRl/*y7 

©T\ Milfiffitf^b-xV KJiJ:»)±J|lcj«ft-r*c 
££B&<*c:i:4<T*t, ^xn»&ai4©|gffitt*ffi-F£ 

CO 0 5 1] Sfc, *9©IQS^I8©¥*{*fB , £*rK 
*5^7\ «ftMy77l6B, 2 *»©«? 

CO 0 5 2] lOJ;5IC, S8ft?ififi&ai&'<y77 

£95 4 ©tefltt©ffi~F*B6 <* C i: 5b^T-f 5„ 
CO 0 5 3] tits S9©IUt««©*S»#a3KiR?K 
*^T % ift/^77l6a, *5yFB3©d»HB* 
«fc 9 ffiV^ffllfPjSfibfcffiffl^y 7 7« t bT«Jggt-5 

CO 0 5 4] COiat, <£S><v7 7**»ft]/Vj'7 
7S 6 i: LTfflvS5«*fcU\ tt?«»fc#5lgfifcl I fi 
*c©fiffl^y7 7JirttBSi:iiii>Sci:*«-p*, ^x 
P«£«4©*SBtt©ffi"F*l*<-<: £4*T*#£„ 

CO 0 5 5] *fc. ±m<D&Ml03^Ts IftMy7 7 
Jl6fc{4, G a I n PSfctiG a P A s*ffll/>5Ci:^ 

CO 0 5 6] G a P A sSfcttG a I n P«=7E*ffiT 

ftSS li'GaP S«©Bf » G a P A s Zhuz. 5 fctt 
T-m< > ttZs ¥W»m& lA'GaAs S&©B$liG a 

AsfcP*in*.SJ£tf-e&<, MUb-f-rt^ Sfc g 

a I nPOf^tt, IKjKEAtffVWiKtfP^lt4:©T« 

CO 0 5 7] ±fEJg8S:fci±|g9©HS!^ii©¥ 
Slftiet*? tcfe^T, l ©ffi7?{4fi, ( l 

0 0)®frM0 1 1 ]7?(rJ^ 0° fr5 5 4. 7° ©fi5H 
TMl^cS, tTziis (1 00)ffi^5»[0 — 1 iWfiK 

1 0° 4*55 4. 7° ©!6HT«l/>fcM, SfcJi, cti 

CO 0 5 8 ] t%t>% s ^(*S« 1 ©ffi73ffi%, ( 1 
0 0) ffi*^ [0 11] MtO' 7° ©g5 

HTHS^fcfeCii-rscfc-z?, Sfcti, (10 0) ®4^ 
6 10-1 1] AftHclO* fr6 5 4. 7° ©3£BT*flS 

i^@^x4W*nfc«^K:j±^Ti5i kM&ttr-vj 

F^+«y7t*5©T'SSfi{btW*Ji:*5, $fc, 4g 
ffiSU— 9*14, ffl^s ^*IWiii*«lS»fcfflv>5o S« 

i©ffi^{i^±t2©^[R]tc{istt5i:, mvtzftmzm, 
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(rW»tl<4^. SS^ffi^fit^Cl 0 0)1 

[0 0 5 9] ±K»8ffctta9 0£ttJB«©¥ 
KfcsioT, G a PA s!S££S#ttttKmfttcJ:!>¥ 10 

[0 0 6 0] GaPAsifilOSE Sfctt, 

[0 0 6 1] »8$fctt£9©*^»©¥#tf: 20 

[0 0 6 2]T£fr-5, GaPAslflOiE Sfc 
ti, «a/W7rB6i&Stft0*iB±K:«\ a*. 
:; FStC*''**5^D7./N>yf-^C)IH]fl^T*t?.o C©H 
£bti, *0±£^7 1 ngi^4£j&SLfcl§©gTfc&ii£ 

A/T-jafit«Ji*^tri:, *©±HH¥fflfcfct>* en 
*R6<*Cfc#T#5. 30 

[0 0 6 3] B©j?iB©±®tfTfl5 
(SM) <t !3 f at'feSia, S e % 5 X 1 0 " cm 
" 3 W±lCF-:/UfcGa I nPfc-racfcjb^t*. 

[0 0 6 4] -TttfcS, *K©aW*tt. S e£iSj§fi 
C K-TXfcG a I n P«, HCAWM&A/ertffr* 

tw**tT^*ci:*attjtfc. cmat)> s©^ 

ffi©±ffi#TS (SKID itJ^afc^SOT', aid 

ioo6 5i K9t&mjm&m#&t&&K. 40 

43VT, jgfDMy 7 rS 6 «, S e £ 5 x 1 0 ' 8 cm 
~ a tt±K K-7*LfcG a I nP^50Ml/\ 
[0 0 6 6] -J-fcfc-S, fc?*»Kl*w&»fcS*PX>N? 

So 

[0 0 6 7] &ts ±atfc*WO*»»»3W7fc:* 50 
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I^T, 'vrn££-g|S4tt, £®&II^fflj5!cfi?£(M0C 
VD)$fctt^ttx£**^H*(MBE)fcJ:!K C 

[0 0 6 8] f 443-6, A 1 G a I n P (As) K#8 

(VPE) ti, KST**A 1 C 1 

#®£IIMfflfi!cSi£ (MOCVD) Sfc&SH^Jgxtf* 
*5/-ft (MB E) «#¥«1t©;S^j£ft;5&T*&!3, 

[0 0 6 9] Sfc, ift/^y7rl6fe:^Tfc, Ctt 
*W«&iia[|§J«*ffi(MO C VD)$fc«*mi5Xfc?* 
*S/-S(MBE)JCJ:0, fc#T?*5 0 

[0070] c<DOat 'N-rD»^s©ea)*KB 

So 

[00 7 1] 

So 44s, «T©fQS0Il~iyfc087tcfevvrH\ ¥S» 

mxatfr em»ir-v*&) tom*mm. 050 

|j»*ffiiibT^**«, #IIJ£0!l©g*;|fff3U±05©fe 
©fcftoTVS. S£oT, *«tlll-IOtW7-ett» ft 

g±, uss^i 1 -mmm 7 <o*m#¥tytm?ff® 5 ©« 

^j£©t>©i:fcoTV3i:LTBM! , **3. 4fc, 0 5 
©¥*f«gttJl5?U\ g«3S LT« S C H - S Q W« 

[0 0 7 2] HSg^Jl 
$ft09 1 Tii, (10 0) [0 11] #lRlfc 

15° off LtcG a A sl^l 1 ±t, MOC VDj£ 
GaSMO. 5frP>0. 7 &V&t*lC&{££ 
■tirS e % 5 x 1 0 18 cm" 3 fcLkfc K-7*bfeiUP*< 
2 jimOn-G a I n P?ls— fy K/ty7rI 1 2£ 
ilU *©±Jc*iiPFfi<fcMfcLTS e*5x 1 0 

cm 3 llhtH-7Lftn-Ga.., In 
o. 3 Pfr&ftSMJPtfl /im0i©£^-/f 1 3£$g 
L, *?5p»^*«|P**4„ S e £ C 

/£o *ittC*Sfc, S e^gS (5x 1 o" cm 3 
£K-7*LfcGa I nPfiCflfl^ato 
^T'figfi-rSltK^LT^SCil^tD^ofCo 
!), S e*F-7Lfcn-G a«. 7 Ino.a Pffl^ 

C Omtfb^gjgii-r Sfr7£4^ H B B ^|5(|A^ LTl>fc 
^, ¥afrsci:T-, cn*B6<*Jii:««T*fe. ?v 
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[0 0 7 3] Jfefc, GaP^GaAs i:0W0*fr?£S 
T^TGao. 7 I no. 3 POfe? £»fctSFLV*n 
— (A 1 y G a i- y )> I ni-i P.Asi-. (y 
= 1, 0 = 0. 7, v = l) 4 (BWWl 

|im) > (Alz Gai-i ) r I ni-, P„ As 
,-. (z = 0. 1 x y = 0. 7, u=l)31£^Fi] 
5 (HJftfO. 1 (ira) , EBB5%*-r*(A 1 . G a 
i-. )« I ni-. P. Asi-t ( x = 0 ^ a = 0. 
6 , t = 1 )#-M?ftpS14S 1 6 (BUP^ 8 n 10 
m) , (Ah Gai-i )>■ In.-, P „ A s i- u 
(z = 0. 1, y = 0. 7, u=l)WF117 CR 
JPtf 0. 1 /im) , p-(A 1 y G a i-y )» I n 
i-« P.As.-. (y = K 0 = 0. 7, v = 1 
79 KBl 8 (BW#1 /im) . p-Gao. 7 In 
0.3 P++7/119 (If^O. lfimKp-G 
aAs3y^^M20 (Mff-ftO. 00 5/im) 5rfi5t 
fi^-frfco CiIT\ ^Fll 4, 1 8*5«tt;*VK 
S 1 5, 1 7tt» G ao. 7 I no. 3 PW-fl 
3fctt?B£LTV4. 20 

[0 0 7 4] fLT, 3>^^FI2 0±£«, fetMft 
2 1 fcLTOS i 0 2 fcpfiH«a2 2t*^<ssn» * 
fc» SSI l<DSi§Kttnfflmffi2 3#J&i££*lT^ 
So £0¥*ftK%X?tt« IMWRXh^TTHififcL 

[00 75] UtOmmmiTlt. tvv KSl 4, 18 
fc«fctfft*V KS 1 5 , 17 G a A s 

^It^Stt^fUtJfey^K^yT^ftt), 
igtct 5 6 0 0 n m i tJSViSfi 5 9 5 n mt^It 
S^ftU— ftmZtlfco * LT, 6 0 0 n mi t) t, 30 
fi^ttftT?fc*©fcfrfrt>S"*\ G a A s»K±<Dt££ 
©6 3 5 nmrf U— Wfcfl|vr6n*31fi<f>f HflifcJt^ 

U^;l/t»<ftt)x SEtMjtf»&ftSJ:3K:ftofco £ 
1 T*{i«?ftpgttg 1 6K G a I n P* 
ffl^Tl/^o G a I nPliG afi*«/J^<f*t»? 

< ft* i: feD^ >y < ft 

•So SandlpS (Appl. Phys. Lett. 40 
60, 1 99 2. p p 6 3 0~6 3 2) CiS^l/K^ 

»OX*n/*-oafttt^jV\ — Jfr, Ga I nPM 
1 fc&ip-f S 1. &$ffi X*;l^-tt*£ < ft 9 , fifft 

?»x*;v*-i4/>s<ft5 0 zvmm. mn&m 

mW±it\,\ G a A sSfi±«in?tt, **ft 

A 1 fflfi!c©A 1 G a I n P^fttf-r Ffficr 

0. Gain P*?#FBfc©ME*£ftfiMmHB© 50 
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tt?E»ft*#*T»l4ft*»ofeo ttAV 
KSl 5, 1 7©A ia«*ffiSETt40T, *tft<£ 

K*a8t#»stt* 0 cnti^ &*a i g 

[00 7 6] Hfi&flO 1 K*5VT, * 7 v KS 1 

4.18 S14S 16J;H;^ y 

^f<, Aimf;(Al, Ga,-» ),In,-, 
P.As-, (0<y^K 0. 5<p<U 0<v< 
D*ffl^*Jlfc3Vffft*. tt#VKSl 5, 17 8, 
*y Y¥*c 7^7yFIl 4, 1 8 X K> fe/Jv£ < S 
ffifl 6J:9fc*#<*ffi£S#*5-y KSl 4, 18 
tlUt-$5(A 1 , Ga,-, ) r In.- r P. As 
.-u (0^z<K 0. 5<y<K 0<uSl)^ffl 

^77F114, 1 8©^©lltcJ;oTtS 
?jabW6t3*««» ia^«v7 7l (12. 13) Og 
±®©&?£i!t£*7-y KSl 4. 1 8fcHUfcft*J: 
? Kg* 5 c £ T'ttrST*^ So 
[00 7 7] GaAsIMMli, (10 

0) [Oil] ^lS]tC0° A^5 4. 7° OS! 

$fctt % (1 0 0) [0 1 1] 73(o|rCl 0" 

A^5»5 4. 7" OKH-P^T^SfciaSlWfO^ 

T't^SfttWfUT'SSo $fc, SfgffiSb— tfttffim 
^PTflffi^TSigrCffll^So S&l l^ffi^(4^±fEO 

ffifiSittfteftv^ mntxm^zffit* tma. 
wiM e.n u- j (f o A&tsic t # So ±c^iRiwnfc« 

^*IBiEttSfii:ft6ft^^-p»*L.<fti\ 
Sfc, SS©ffi73ii[^(l 0 0)®*^ffittSiIfcT% 

lfli, ttflia/^77ll 2, 1 3 t'VTPjgngP 
t^MOCVDSrcit) lIHT-figgLTii!>, 1^©S 

fc, H5 0«Jitt, MB E ?4 (»?«xk?**S/-) T? 
tfiStfiT'tSo Dj^&giJT'^S A 1 G a I n P (A 

s) %tinimmfrt>m#'\<DA i©fl*T«a*^*< 

fijS«»Oj^6ftS«5id:B«tT«3 s $fc. Any 
>*WlffilCj:*«fflj«*iS (VPE) liJi^T'feSA 1 
C l««53l£(5ff*JBMW*IBIIB*^»)HJiTa5S. - 
#«^SSlffifigSS (MOCVD) Sfcti^jax 
lf**S/-ffi (MB E) tt*¥«tt©*^J«ffiF?ffi-e* 
t>, BKS*MllSUI^it&»fJfcftoTl7>5<7)7?, Ctl 
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coo 7 8] mmm2 

2 It A s S^/ufcS? #pS14SK i56 35 n 
m, 6 5 0 nm|<!)ifil/- ^©i&fflflJt&oT^ 
So t&fc^ H$$«2T«:, «?#pg1£S£«A s 
##$ftT^£> 0 Hfit$!)2Ttt, $T (10 0) ®fr5> 
[0 1 1] £fi|K 15" off tfcG a A slil 1± 
fc, MOCVD^tiOs Gaffl^O. 5fr60. 7 
ST'^^^fk?^ Se^5xio" cm" 3 fiLt 10 
1C F-7*LfcJlJP# 2/imOn-Ga InP 7l<-TV 
F/W77S1 2%*»SU fOi£Se^5xlO 
18 cm" 3 W±fcF-7Lfcn-G a o. , In 
o. 3 Pj&»6fc*ffltP#l /imOfflfiStl^-S 1 
U S e fcHJffitfc F-^-f 

5 t K <fc t) *fr?«»lC# ^DXA-> ^VtOVSCOMt 
iStlfcoOSf), Se^K-Afcn-Gao. ; I 
n o. 3 P igfiStiS-S 1 3 ©|?®0±® tfT® (££ 
ffll) «fc»)Wr25r>fco otltiD, ^xPg^-gP^fiE 
& L1tmnwa*i2M. t T Sfrfc4*gafcH&B±*l* <' 20 

[0 0 7 9]&fc, GaPtGaAstdOlSffi 
T'feoTGa.. 7 I no. 3 P©«H?S»i:*L^n 
— (A 1 y G a i- y )t Ini-s P.Asi-v (y = 
0. 7, 0 = 0. 7, v«l)*5»Kll4 (Mlftf 

1 ftm) x (A 1 > G a ■-> ), I n i- r P. As 
.-. (z = 0. K y = 0. 7, u=1)t£*VFS1 

5 (JUJPtfO. ljim) . Ett£**Tf*Astf£3:4l 
S(A 1 « Gai-. )« I ni-. Pt A s i- t (x 

= 0, a = 0. 6, t=0. 9)#-»^#P?gttll 30 

6 (Mftf8nm) , (A 1 . Ga.-, ), In,-, 
P„ As,-.. (z = 0. 1, y = 0. 7. u=l)ft# 
•fFHl 7 (KJPffO. lfim), p-(Al, Ga 
i- y )» In.-i P.Asi-, (y = 0. 7, j? = 
0. 7. v=l)?7>vFSl 8 (Kfftf 1 /im) , p 

G a o. 7 In..! P*+>y:/Jl 1 9 (HJPtfO. 
1/xm), p-GaAs3>^^|20 (RfftfO. 
00 5jim) £j£St* 0 ^^-y FS 1 4, 1 8 43*ff 
#73VFS15, 1 7«, Gao. 7 I no. , PC*S 
?&£-LTl^3 0 40 

[oo8o] f lt, n>^^hS2o±ttt, tmm 

2 l£LT0S i0 2 fcp$ISffi2 2*tfJ&iK£ft, S 
fc, S«l l©MfcttnM«S2 3*flBj«StlTV 

[008 1 ] MMffl 20^77 FS 1 4 , 1 8<DS?^ 
jBTCtt, A 1 G a I n PcQtpT'Ay F#+ 
Gain P^Tfe6 3 5 n m^fSICtii^ 1 % 
**t < i8*T t$t/^ B ltt*M£T1-5<DT\ #pl 1 
6CAs*SifflLT/OF^+y:/*iiBLfc. £>63 50 
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[0 0 8 2] *fliW2<0«JfifcJ:»), I«6 3 5nmt* 

pg£Sl 6£ffl^T</^0T\ flBtttTE^-KTS 

0 feo te0&fi?rf0 U— *f<D£ < tt T E KfcOTJfi 
J8±*£*tev\, t>"65^ #pJi#iI8a»0*#B? 
hnii, SISOiia^pSttSfcffi^TfcfrSfefc 
v\ *»a£?fc*3IS9£«?#pM*B^*fcftK: 

5ci^IfU\ ^7 7KI14, 1 8fc«fct/7fc:tf-'f 
FS 1 5 , 1 7*l*OG a A s WEHcti&mST &tt 

ftofce*, *+'jT0Mi:iAi6i±mmc^-3fco * 
fe, Ett£<D$b*. a?ttp0^S0ftetc, 7-tf^^ 

S0T, st*0G a a s asttt^^arra^^y fs 

*fflV^fcffi«5« : ?#pSlcJt^T#P«ttJP< * I? ^ 
!HB©BIB«tfffiWSnfc. $fc, Jftif-f FJiOIII* 
fcL&SA liTOiO. 07T'feO. flE*J:»>ffi*T? 

a i icmBtzitmmm&m&tfimztu m. 

[0 0 8 3] ZTCs 77 7KI1 4, 1 8<D®mt. S 
ttS 1 6 «k (5 F^+ y < , A 1 HftfolS. 

(A 1 y Gai-y ) ( In.-, P.Asi-v (0< 
y^l> 0. 5</3<K 0<v< D^fflV^cli:^ 
T*#5o tfcs 7fc*VFSl 5, 1 7 tt, ;^H*t7 
•ffftvyVm 14, 1 8<fc*)/J^<?SttSl 6<fc»3* 
* < «f £fttf*7y KitHCTfftSCA 1 , Ga 

), In,-, P„ As,-., (0^z<l, 0. 
5<y<l, 0<u^l)^?,J:ttfT*f5„ $ 
Its MffiMZT'tt, *-«?#pSttS«fflV»fe*«, ^ 
«*?#PT?fe&V\ $fc, 777KI14, 1800 

©«±iB0tt?3aS**5y FS 1 4, 18 tracts: 
3 J: 9 tS^. 5 C t T'WJST* 1 5. 
[0 0 8 4] HS60O20,fc7lC, GaAsStgl 

10®73&li (10 0) WfrZ [0 11] 73lR)tO° ^ 
6 5 4. 7* 0«H, Sfctt, (10 0)1*6 [0 1 
1] ytlRlt 1 0° fr65 4. 7° ©fEHTiSv^Tl^ 

fe> ±EWTHt, «?®|D/Vy77Sl 2, 1 3t^f 
n»^8|J*MOCVDjSfcJ:*»«ftLfe*V MBES 

[0 0 8 5] ^SS«?ij3 

nffli^j 3 t>mmm ztmst aan^wm^y ? tm 

1 2 **W3-Ptt, (1 o 



(12) 

21 

0) Sfr6 [Oil] 7]|p}£ 15° off LfcG a A s 
££l l±fc, MOC VDStCiO, PfilS*0^6 
0. 4ST?*«tS<t«*. S e£K-7LfcHP#2 
/im<Dn-G a P A s ^U-fy Ktt?ttR]'<y77j| 
1 2 U * ©±t S e * F-7*Lfc n - G a P 
o.4 As., a frGftSIUPtfl nm<DM&i£}~mi 

09 1 , HS&0IJ 2T*«G a I n P -jr.7 7*E 

%^T^5t>\ HflSfll 3 G a P A s £*g?2f 

7 7lCffl^T^5. flW4IS[SSHW2 4:Rli;-paBao HS£ 10 

00 3 fcfei^T tltftffll 2 1 |q taMMHIfe. 
[0 0 8 6] &ffi0!4 

4 HZ&ffiJ 2 t a a <: 5 tttt?«ftp ^77i 

1 2<OMm.T»&%» -T4t>Ss H»J4T'(i, (10 0) 
B5*»5 [0 1 1] £|R|fcl 5* *7LfcGaAsS«l 
1±K, MOCVDa^i*), 06tC^-ri9lc, Ga 
A sSSl lfctfrfft&TSGao. s Ino.s Pi: 
i»77 Hi H <0«f aSiitlffeS G a o. » In 
0.3 Pi:fr^5Se^5xio'" cm"" &±lc 

ft!^y7 7Jl(n-G alnP/Galn PiBtt?'<? 
77D124HU fOi£Se^5xio" c 
m 3 ]&±XC K— 7L7c n — G a o. 7 Ino. 3 Pfr 
64* 1 /*m ©!&«£-]■ 1 3*ricftU 
SfoS-efco ffi«Hfil{f02i:(5)CT-fe5o HS&094IC& 

[0 0 8 7] H5S0!|5 

*S£0J 5 tfgttffll 2 £ a o t c 5 ttfc? ffifr W 7 7 Jf 

1 2©H§5gT-&5 11 -T^^, Htt«5-Ptt, (10 0) 

[0 11)»15°t7WcGaAsIfil 30 

1 JbfrC. MOCVD&tCj:^ ^77KI1 4©tt?£ 
SfcHUTfcSGaPo.-/ As o. fi fr6&5;7-7-;> 

F« 1 4 i t) feflHS-ericfi bfc«JP*« 0 . l(imOn- 
IBHI?ifi'W77l(n-Ca P A s{Sinn^y7 7 
■)12*tlUfOJ:lCSe«5xl0" cm 

3 W±tcK-7Lfcn-Gao. 7 I n „. 3 Pfr6 

[oo8 8] mmm6 40 

Hft§0IJ 6 (i A 1 fct^ftaV Kgfc £ 5 6 3 5 n 
m, 6 5 0 nmfOifeU- ^©Jfcflffflfc&oTl^ 
5 e HfiS096T{*, $-f(i 0 0)ffifr6 [0 1 1] 
£ 1 5° *7LfcGa As«ffil 1 ±K, MOCVD& 
tit), Ga*&j££o. 5fr6 0. 7$-e»*fcS{fc<£ 
1 Se%5xio'" cm" 3 «±fc K-T'LfcgW 
2/xm<Dn-G a I nP^U-f'V FAy7rIl 2 
fOitSe^Sxio" cm" 3 ULkK. 
K-7Lfcn-G ao. 7 In,. 3 P*>6*5^Jf^ 

i /imofM^-n 3*«su w?^»^*aa* 50 
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e%F-7tfcn-G ao. 7 Ino.3 Pfflfigi§-g 

1 3 vftmvim&TMmfcW) «t s ¥t§T-£ o fc 0 c 

[0 0 8 9] GaPiGaAs t©M©*f®S 

T'^oTGao. 7 Inn. 3 P©ttTFS»k<5tl'»n 
— (A 1 y Gai-, )d Ini-f P. Asi-» (y = 
0. 7, 0 = 0. 7, v=l)777FIl 4(»1 
fim), Al%fl4KAl, Ga,-, ), I n 
i-, Pu As,-, (z = 0, y = 0. 7, u=l)ft 
*V KM 1 5 (mmtt 0 . 1 /i m), 0 7 KttbW&fcTii 
■*"J:3KESIS*frr«(A 1 « G a .-, ). In 
■ P« As,-, (x = 0, a = K t=0. 3)# 

nm)t A 1 ^§^(A 1 , Ga 
i-i ) r In,-, Pu As,-. (z = 0, y=0. 

7 s u = i mmm(mmw ionm) tw&EK 3 mm 
mzftrc&mm^ttPT&Qm 1 6, a 1 £#$&v>(a 

lz Gai-* ), In,-, P„ As,-. (z = 0> 
y = 0. 7. u = l)7t*VKSl 7(HJP^0. 1 p 
m), p — (Al y Gai-y )» Im-» P. A s 
.-. (y = 0. 7, 0 = 0. 7. v = l)»7fKIl 
8(JgJP*tl lira), p-Gac, In». 3 P*i"y 
7jfl9(lIJftf0. 1/im), p-GaAsny^^h 
I2 0(if^0. 00 5/im)«fit5. 
14, 18^<ti;^K115, 17t±Gao. 7 I 
no. 3 Pfcte^g^-LTl/^o 
[0 0 9 0] *LT\ 3^^M2 0±(:[i, IBJftli 

2icuosio 2 tpwm Zttm&Ztls $ 

fc, Sfil l©SB»CttnfflSmg2 3^}g^nT^ 

T*««nTi^5««, ffi©«iii*fflt^*ctfe#* 0 

[0 09 1] COHS(ifi?lj6£D^7-y KSl 4, 18©* 
?S»[Ttt» A 1 G a I n PtD^Tv^y K^-^ -y 7*VJn 
£VG a I n P^rffll,>Tfe6 5 Onm^fSES^ 
*£<L&tt*Uf£6-f, i^ B B B 14*MgT-r5©T% #p 
Si 6tC(iA s^iPLT^>K^+^7^ISSL/t„ 
$fc, Ga I nPttG a fflric%/jNS<-r* 
T^t < t £ & ,CA> K^-v y 7«/Jn$ < 45 0 Sand 
ip6(Appl.Phys.Lett. 60, 1992, pp630~632) t £%/Vy 

K^aa«©ftafe 9 *##tt * k^-^ ^ 7©^ 

A^tinCfbLTV^V\ A 1 7l)-©7-r"K^+ 

«y7Ga I n P)t^ KStdtiJ: Ott^JHBWyt*^ 
EIS^Ga I n Plf #pic©Afn^ff^i: N 

^AlGaln PJRttSK ckS^feU— »f T*IHHn?fc 
ofeeiMHII©/0 K^3tK««/>*i^fci&©*+ U 7 
«f)*-^-7n-*fL< K#r 5 C ttfT-i*Z 0 
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Ctiflg&Ztl&o ClT% G a I n P^\A siSfcrt** • 

[0 0 9 2] H«ffl|6 0«liitJ:»), M6 5 0nmT' 

feofc 0 ^77Kil 4, 1 B*J:tf3t*-YKll 5, 

I 7 tfaf*® G a A s 3Sfifcte?S#*-**mJ£ <fc 0 7 

-r f** ? -fta k> ^> ftoow*** < fcofctts, io 

#fc#pmraufcascfc*>^1)gJ:ft<5. ^tt, E 
*?ftp<0S6jR©fl!UC7'f F=£+ y 7°©# 

^5feOG a A s F»*fll^fe 

tMSMZtilto IWFIl 5, 1 7*5«fctf#p 

I I 6 fctt A 1 *£$ft^#Bgfc Lfc©T\ A 1 fcfiH 

[0 0 9 3] 1 8 Otattt, 1 

6 i0;^K*t VflttM < A 1 *#A,7£ (AUG 
a i- y )« Ini-s P»Asi-« (0<ySsl, 
0. 5<0<K 0<v£l)*/S^£££jb<T'#3o 

4, i 8trai;»?s»oi»s»*ffl^fc^ #p»o 

[0 0 9 4] Scfc, H«09 6<DJ:3fc, GaAsMl 
l©ffi^rffitt» (1 0 0) ffifrP, [0 1 1] -fifaKO' 
fr&5 4. 7° ©®B, ffctt, (10 0) ffi*»6 [0 
1 1] »1 0° 4^5 4. 7° CDiSBTH£t/^T^3 40 

yojg^B&Ccfctf-et* raUffij*T*t>*5y FSl 
4 . 18, Kll 5 , 17 7-f >v 

112. 1 S^xOg^gB&MOCVDSfci^Jjgft 

[0095] mam? 

StfittH7i4A l*^$^V^*VFBti^6 3 5 n 

m, 6 5 0 nm^tDSfeU— y-^cDlSfflM^^oTl/^ 50 
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3 0 #lfiS0J7T'&, $-f(l 0 0)ffifr5> [0 1 1] -ftU 
£15' off LfcG a PSSl l±t» MOC VDj£ 
fccfcD, Ga»lW0. 7 8ST*&4£^ft£ 
■B\ S e * 5 x 1 0 ' 8 cm" 3 W±fc K-^LfcKJf 
tf2jim©n-G a I nP^|/-T7 KMy7 7l 1 2 
*I1U ^5 655X10" cm" 3 JM±K 
F-T'Lfcn-G ao. r« I n a . t 2 P^5>^:?>)1 
JPtf 1 M m©aS^-H 1 3 £f£SU teTOBE£*« 

S e?:F— '/Lfcn-G ao. 7. I no. 22 Pffi$ 
*|-JI©Wffi©-kffitfTffi (ttKH) «fc 0 ¥*§T*& o fc„ 

?%mciz&&Mm*E.*$5<:zL}itfT'Z%o g 

a PtG a A s t©M©tt?JE»TSoTG ao. 7. 
I no. 22 P 3FLl^n -(A l y G a 

i- y )o I n I-* P.Asi-. (y = 0. 7, jS = 
0. 7 8. V'Di'^fHUdftfljim). A 
l^f^^CAl, Ga-, ),In,- y P„As 
(z = 0, y = 0. 78, u=l))t^KI15 
(BIJPtfO. 1 (im), H7fc*©«Bfi*^-r±3K:EI6 
££fr*"«(Al. Ga.-* ). In,-. P. As 
■ -, (x = 0, a = U t=0. 3)ffili^pf 
1 6CKJP#8 nm)fcA 1 *#£&<^(A 1 , Ga 
1-1 ) r Ini-, P. Asi-u (z = 0, y = 0. 

7 8 „ u = 1 ) mmm mmtfi 1 o n m ) t 3 m 

t«iJnft?ll?»p?Stti 1 6. A 1 
(A 1 » Gai-z ), Ini- T P„ A s i-u (z = 
0, y = 0. 78, u = l))tAVKI17(W0. 
1 /im), p— (A 1 y Gai- y )» In,-, P.As 
.-v (y = 0. 7, /3 = 0. 78, v=l)^77HI 
18(MJP*M^m). p-Gao. 7 I no. 3 
VfMl 9(K)?A^0. 1 /zm), p-GaPny^^h 
Jf 2 0(HJP#0. 00 5/im)^J5gfif^o t^vh'm 
14. 18*itf^Fll5, 17«Ga..„ 

1 no. 22 P LTt^ 3, 

[0 0 9 6] fit, n:/*^ 1-12 0±tct± s ttflMI 

2 1tLT©S10 2 fcpfiMli2 2fc#JBJ«Sft, f 

[0 0 9 7] mmiKtzrv Fill 4, 1 8©tt?5£ 
ftTtt, A 1 Ga 1 n PO^Tv^y F^-V >y7°7bVMv% 
Gain P^fflt>Ti6 3 5 nm%#5E(iI^f 
< Lft ttfttf ig H B B 14AWr S<DT\ ftp« 1 

[0 0 9 8] HBSfiW7 0*i6KJ:»)»J|6 3 5ninT» 

Mtz^mftis-wwznrco {§ytit t e ; e~ fts 

oft 0 t^vVBl 4, 1 8fcJ:lf3fctf-YFJIl 5. l 
7 A^OG a A s »Elc«7B^1-«tm3R J: 0 7-f 
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t£<DT% fi£#©G a A sWSKti&m&t&ZJy F 
Ji*JB^fcB»M#pJi £Jt<T#piHl4JP < & t» „ J? 
B5©iU&«WS»Snfc. £fc, M^KI! 5, 1 7 
fc±tf#p*l 6fc«A l^#SftV^ii^tfc<DT% 

a i ceH-rsip»>w»#«a[3b'fi«*n5BfcS!)*A^ 

OU^^t*8»C|Rl±b«ffl^*W6n*J:3fc:!a:o 1 

[0099] ^7«yK114, 1 8 0gitt, Sttg 1 
6 J: K** ? < , A 1 %#Avf£ (A 1 y 

Gai-y )/> In,-, P.Asi-. (0<y^K 
0. 5<0<K 0<v^l)^§ili:^t5. 
Sfc, KS1 4, 1 8© 0 Ctttio TlfrfSS 

tf^fr -5 &?m%}> *y 7 r S 1 2 , 13 ©«±ffi© 

[0 10 0] 3=fc, £Ji0d7OJ:3fc:, GaAslll 
lOffiSffittx (1 00) Wfrb [0 1 1] #|rJK0' 
fr5>5 4. 7° ©®B, Sfcli, (1 00) ffifrt. [0 
11] ^tlO' ^5,54. 7" Ol6BT?ffi^T^3 

•?<fM'P*m <*zt #T- # % |B1 Cffi^r- * 5 v FJf l 
4, 1 8, #2KK/B1 5, 1 7#7-Y F4^y7fc;S; 

U\, Sfc, H8S0!l7T*{;i\ y 7 

7)112, 1 3fc^\xDS^gp*MOCVDSfcJ:»)* 
Stfc^ MB Efe (^«xlf^*^-) TfefigfiT' 3( 

[0 10 1] Hfi£0!l8 

m 8 angiitis o^w^sBiais? «f nem 

7KtmT*h% 0 M«li6i:LTttSCH-SQW«JfiT$ 
So *S&098«\ G aPAsifi*ffl^fe»P*«, -T 
^M8T(±, (10 0) ffifre. [0 1 1] £ 
(njt 1 5" t7LftG a A sifi3 1 ±t N VPE& 
(M*B$g) fc <fc t) P 0 *» 6 0 . 4 $ fc£ 
ftStffe GaPAs^l/-fyKl3 2*30/imOi 
JSTSWU fO±KG a Po. 4 A s o. e fr^&S 40 

S3 3*2 0 fim©&£t?jggU £©<fc-5£ 
LT$fi£#fcj£Rg<DJS£#0Jx.tf 5 0 jim©G a P 
As$ffi3 4^lWS, CCT\ GaPAsIfi3 
4i«> VPES#tit)Ga As SfcJiG a Pg£± 

GaPAslfit^e 

[0 10 2] HJfcW8T?tt* MOCVDttKJ: 
tK S e^K— 7*Lfcn-G ao. 7 In..j P/Ky 

y7M35 (.mmttium) zj&mu Bmnvmtet so 
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5o GaPiGaAs fcOMOtt^SftTfa&oT 

GaPo. < A so. e ©te?£&i:HU>n-(A 1 
y Ga.-y ), In.-j P.Asi-v (y = 0. 
7, 0 = 0. 7, v=l)*5vKJ!3 6(l»tfl /t 
m\ (A 1 i G a i-« ) y In,-, Pu A s i-« 
(z = 0. K y=0. 7, u = 1)M^KI3 7 (R 
JPtfO. 1 /im), EffiS*S-r§(A 1 , Ga,-, ) 
« In.-« P, As, -t (x = 0, a = 0. 5 5, 
t = 1 )J*-*?#FS ttH 3 8 (BtJPtfS n mX (A 1 
7. G a .-». ), I n ,-, P., A s i-u (z = 0. 
K y = 0. 7, u=l)M^Kg3 9(Iftf0. 
1 |imX p-(Al y Ga.-y ), In,- , P. A s 
.-v (y = 0. 7, 0 = 0. 7, v = l)^77K!4 
0 (fllPtf 1 fi m), p-Gao. 7 I no. 3 P^-fy 
7*04 1 (WPtfO. 1/imX p-GaAs3>?n 
g4 2(RJp#0. 0 5 /tm)£$g-f5o jr?»K!3 
6, 4 0i5±tfft#^ FS3 7, 3 9li, GaPAsI 
163 4fctt?B£L"CV<5„ f LT, 3>^^h)i4 2 
±ttt, »«il4 3tLT'OS i 0 2 £pfflMS4 4£ 
«fn, 3 1 ©SffitC fi n MMM 4 5A 1 

[0 10 3] HS60!l8©*jgfc:«k?K jgfi6 3 5 nmf 
tf«m&nfe. fiftfct T E-t— FT- 
$ofc 0 ^7'VKI3 6, 4 0*3j;t;^VKl3 7, 
3 9*«fie*OG a A s S&£tt?8ft'r«#B*£ 5 7 

§©T, t»£*©G a A s Sfifctt^B^fS^^y Kg 
<0SKWfiii«hft. $fc S£5pEJ;tJ^*VKS©A 

[0 10 4] ^7 7 FS3 6, 4 0©ffifig(iSftS3 8 
*»)^>F4 J -vy7**y:*<, A 1 ZtsA,t£ (A 1 , G 
ai-y )<r Ini-« P.Asi-. (0<y^K 
0. 5<0<1, 0<v^l)*ffl^«Ci:*^t« o 
Fg 3 7 , 3 9 fi, ^ > F#+ v 77HI 

tt$§(Al, Ga,- : ), Ini-, P, As 
.-» (0^z<K 0. 5 < y < 1 . 0<u^l)*ffl 
WBCfctf-fft*. Sfe, Hi6fi^8T»B, #-«?#p 
?Sttl*ffl^^^lfff#pT»tat^ S/c, ^77K 
13 6, 4 0O|8OfltJ:oT»?Sft*nCfc4« t , G 
a P A s 3 4 ©«±iB©tt? S»* ^ 7 v KM 3 
6, 4 0fcHCfca*J;3fcS*£Ci:-rttf&T*;5. 
Sfc, C<D^filW8©J:3Ex GaAsIS^IMli 
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(1 0 0)ffi*»6 [0 1 1] 73|6HCO° fr6 5 4. 7°£> 
MB, Sfctt, (10 0) ffifrS [Oil] 1 0 

'^5 4. 7° 0(EH-e«^TV*fc* 

[0 10 5] 3gffi0|9 

0 9 It JOHN 9 ©*«tt^^(^3fft U-lf 

i56 3 5 nm, 6 5 0 n m^cD^feU— tf^tDjSffl^J 10 
T'feSo S*igi;LT(±S CH-MQWJS3£T<£5 0 H 
860!i9T'«, $-f v (10 0) WfrZ [Oil] 73IrHC 

1 5° *7LfcG a P»g5 1 ±£, VPE£ (Stffljjg 
«) KifJ, PMfiK*l*>60. 5 5$T?£*££{fc£ 
■£fc G a P A s ^ U— r ? KM 5 2 4 3 0 /i m©Ift' 
iiU ?©lCGaPo. ss Aso.4 5 fre>&-5 
ffij#iSHl5 3*2 0/im<D&gT'J&lU £©«fc-5,C 
JSftS*fc£JW0JP£tftH*.tf 5 0 /im©G a P A s 
SS5 4«ffll/^T^S. 

[0 10 6] *LT, H»J9T'«, ^T-aft&SPSe 20 

G a P A s 5 4 oa®%il«WWe-r 5 <! ») 

[0 10 7] MOCVD&fci:^ n-Ga 

I no. 2 * Pfr£ft£JII/p#0. 
777155, GaPtGaAsiOMOttfgft-p* 30 
oTGao. 7k I no. 22 P tD&Tfeglt^ L^n 
— (A 1 y G a i- y )/i I n i -/t P» A s i-» (y 
= 0. 7, 0 = 0. 7 8, v=l) ^77K15 6 (H 
1 /im) , A 1 *-&t4KA 1 i G a i-i ) y I 
ni- r P» A s i-„ (z = 0, y = 0. 78, u = 

t5 (Ah Ga.-, )« I n ■-. P, As 
.-i (x = 0, a = l, t =0. 3) (MJS#8 nm) 
tAl%t$S;KAl, Ga,- ; ), In,-, P„ 
As.-u (z = 0, y = 0. 78, u=l)^M^(M 40 

jp# 1 o fi m) t&zmc 3mimmznfc£mm?# 

F?SttS5 8, A 1 ^-g'S&l^A 1 * G a i-t ), I 
n 1-, P u Asi-u (z=0, y = 0. 78, u = 
9 (HJPtfO. 1/im), p-(Al, 
Gai-y ) t Im-i P.Asi -v (y = 0. 7, 
0 = 0. 78, v=l)?7yKJf60 (gtflWl/t 
m) , p-Gao. 7 I no. 3 P**y 7°J16 1 (K 
»#0. 1/im), p-GaPay^^H62 (HP 
#0. 00 5/im) fcfiSfi-TSo *7-vKJi5 6. 60 
fc.ktftf-l'KJf 5 7. 59(iGa».r. In..^ 50 
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[0 10 8] •?■ LT, 2_h,Ctt, &»lt 

6 3i:LT©Si0 2 fcpflflt&6 4t«Jn, $ 
fc, St6 5 l©SStttnffl!ltt@6 5#JBS2ftT^ 
3 D c<D¥*ft»3t*?tt x ttSMXK^TIiifikb 

[0109] 90^7 s> KB 5 6 , 6 0<9te?£ 

&T*tt, A 1 G a I n P <£>cpT;S> K^-V »y TWJ^ 
Gain P^Tfe6 3 5 nm^f 

#PM5 8(CttA s*jSinbT/^K4 s -W7**JHSL 

fee 

[0 110] SUaW9©«jfifc.k»)»fi6 3 5 nmT» 
fit W16ftft. ffl^tt T E-t— KT*£ 

ofto {'77K15 6, 6 0*sJ:tftt#i'KJi5 7, 5 
9 tffifcfc© G a A s SKttt? tt^f * WfilR J: t> 7-T 
K** v 7£ a 0 * * U 7£>FJ§ Uiii&ttfiJffC&o fc 0 

T\ fiBfeO G a A s »«K:«?S#1- * * v -y KB 

#Pl 5 8 Kit A 1 ***4V>«lifii: Lfc©T, A 1 |c 

[0 111] ^77KI5 6, 6 0Oij§fiSa±S1±/f 5 8 
«t t)^> K^+ -y 7*^** < A 1 JtlShsK (A 1 y G a 
i- y )* In,-« P.Asi-. (0<y<l, 0. 
5</S<l, 0<v^ DSI^acttfTtS. * 
ft,^7yKl5 6, 6 0<D COMIC i o Ttt^^R*^ 

KMtrauCftSi^fcSilSCfc-eWfi'ets. 
[0 112] $fc, HS£tf990i9t, G aPAsIS 
0®75"fi« (10 0) ffi^e. [0 11] 75"[p]rC0 o 
5 4. 7° ©i5H x (10 0) B*>5, [0 1 

1] 75*lR)£10° A»5S4. 7° ©ISHT'li^Tt.^ 

7W>^K<*C fc^T-t, I^DfflfiScT'^^^-y Kl, 
JtAV KB^7-T K^+ <y 7*lcft*0-p»$ Li/\ S 
*JtW9Ttt, 'NxD^gp^MOCVDSrCj;!? 

[0 113] Uttffill 0 

01 0 {iHS£0IJl OcD^ft^Tfe^? (^N«*U— !f* 

CH-SQW«5il?fe5 0 OT'ti, Sf, (1 

0 0)®fr5> [110] 73lR3£2° t7LfcG a P 

0.4 A so. e S«7 1±C, VPE?£(StfBj£K)£ 
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<fc»K PffiJ&fcOfrfcO. 4*-eawrlcKfl:«"*fcGa 

p a s ks 7 2 * 3 o p. mcom.mxm.rn u 

fOlKGaP... Ascs a»6fc*fflJ«J$-Ji7 
3*2 0fimOllJPT?jacfiU 5 KJ&tf 

fil©/?*3b^9Atf 5 0/jm©G a P A s MM 7 4£ffl 
I^Tl^*. llT', GaPAsSSi:{i, VPEft^lC 
J: t> G a A s SfcfiG a P*BLtJCW*tf3 0 /i mJ^± 

?*S£*y£$HI»SftTfc»K G a P Aslfit^ 
5. 10 
[0 114] MOC VDi££J:tK n-G a P 
o.4 As... /W77S7 5(8£JP#1 /im), G a 
P t G a A s t©Wf TG a Po. < A 

s o . 6 ©fc^tte^Ll^A s%%tSn- (A 1 y G 
a i- y )» Ini-i P.Asi-. (y = 0. 5 X 0 
= 0. 8, v = 0. 8 5) ^7-vKS7 6 (&JI2M /t 
m) „ (Ali G a i-2 ), I n i - r P» Asi-. 
(z = 0, y = 0. 7, u=l)WK!7 7 (WPff 
0. 1 /im) , ffi«S**-rs (A 1 , G a ■-, ). 
In.-. P, Asi-t (x = 0, a = 0. 65, t 20 
= 0. 9)¥-«?#p£1tg7 8 W2 5n 
m) , (Alz Gai-2 ), Im-, P„ Asi-. 
(z = 0, y=0. 7, u = 1)^VFI79 (HJp 
tfO. 1 fim) , p — (A 1 y G a i- y )« Im-» 
P.Asi- (y = 0. 5, 0 = 0. 8, v = 0. 8 
5)^7'VKI8 0 (iI/)M/im) , p-Gao. 7 
I no. a P 8 1 (MM&Q. 1 Mm) » P 

-GaPo.4 Aso.e h|f 8 2 (MWft 

0. 2/im) %im„ ^7'VKI7 6, 8QtS&TS 
ytiUYMn, 7 914, GaPAsS«7 4fctt?S 30 

coils] ^-lt, ny$?hm8 z±iat, mum 

8 3£LT£>Si02 i:piim®8 4 £jWgfig£ft, $ 
fc, S1S7 1 <DXffi£ttnffira&8 5ft^fiE*tlT^ 

[0 116] Igffiffll 0<D*36lCfc»K M6 6 0nm 

[0 1 1 7] Hflifflll OTtt, GaPo. 4 A so. e 
S«7 lOIMBd 0 0)ffifr€> [110] ^|rJC2 40 
° *7LT*50, COi5S:(l 

0 0)®-f>(l 0 0)frib<Dm2tf'hZ^G a p, G a A 
s , G a Po. 4 A s o. e SS±K, MO C V D?£T* 
A 1 Ga I n P*j£ft?S£, jfoS^® £ fc: n >;/ £ 
ft«R*nfc. C<Dfcny*tt % A 1 I nPf, A liSS 
$#*t^*§££te\ Gain P J±^T#£^lT-£ 

1f. LEDfOf/W7!ftt*I< Lit*). #St»>* 

1 0O«t5ftU— iTptt, FJI7 6. 80«JpV> 50 
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OT*ORftt*tV>. SWOfSBSSStt, A 1 G a I 
nPj&gcfHcAsfc^-S-frScltT, fcn 

cnti, AlSfcliGaOK 

tfftPl7 8Ktt, A 1 LftiDf, A 

[oils] mm i Ota, *-*?#pgftji%ffl 

(A 1.2 Ga.-.j )« 2 Ini-,2 P t 2 As 
.-. 2 (0^x 2< K 0. 5<a2^K 0^ t 2 
Sl»5<:J:mS„ £fc, 7t*VK®7 7, 
7 9 £ A s *^W>Tfefi^„ 
[0 119] JdffiLfc^SMtU-lftt, t-64A^Bfc^ 
-<*-K (LED) fc£ELfcW&lCt,a&*tfa&* 0 C 

3, 

[0 12 0] 

JCLtKiSBbft i 3 ffi^JS l IB«<D 

Ga.-, )« In.-. P. As.-. (0^x<l, 

Ii0^i'K*fy^*< 1 GaPtGaAst© 
HOfiKf^a^^rS A 1 frSfulSCA l , G a ) 
o In.-/. . P.As.-, (0<y^l, 0. 5</J< 
U 0<vS l)i>64oT^SO^ GaAsSBc 
JK^T't 5 ^ =7 v mttftZ ^3b^t 
<> JS^StocWfUT'^^o $fc, JgttJittCA 1 x G 
a.-, ). In.-, P, As.-. (0^x<l, 0 
<a^K 0^ l)3b^&ft*<0T» ^y-yh'MicM 

-^-y^Kt*Ci:t?t« 0 C©fc46, IS 
?HffOfi*^# 6 0 0 nmiOfi^idfiO 

f§635nm. 650n m»WO*ftiNW*ly— «f s 
g^a^Ct3I/^T 6 0 0 nm* Q1fo*tit&-&tiA*ZPSWt 

[0 12 1] %tc, »«3l2IE*o»Bk:J:ti{f» 

ytmtttS^T. SttBt±(A 1, Ga,-, ). I n 
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.-. P. As.-, (OSx<l, 0<aSl, OS 
t S l ) J*-ratpfr 6 ft 0 , * v -y KSagltS J: 
D/^K*+»^««**<, GaPtGaAsiOFlO 
tt?JBR****A l*£AJg(A l y Ga,-, ), I 
n,-, P.As.-v (0<ySl, 0. 5<j8<l, 
0<v2l)frC,ft») N iSttlfc^^vFJifcOBIfc, 
/sy K^-f >y 7*ff}£tt* «fc D*^ < * 5 -y KJi«fc 0 dv£ 
KAI. Ga.-, ), In.-, P« As,-,, (0 
Sz<l, 0. 5<y<l, 0<uSl)fr?>ftS7fc# 
-rFB^LT^O^ *7*y KKiGa PtGaAst 10 
0M<D*?£ft*#r*A 1 £#A,f£(A I, Ga 
>-y )« In.-/. P, A s i-v (0<y<l, 0. 
5<J8<K 0<vSl)T?«t) > GaAsSliitM 

>y KJifffi «fe t)Ay >y Zfi*±Z < 
Sfc£Wf!lT'£So (Al, Ga.-, ), 1 n 

.-, Pu As.-u (02z<l, 0. 5<y<l, 
0<u2ll) *»6«**-fFJi»J:tf(A 1. Ga 
.-, ). In,-. P, As.-, (02x<l, 0< 
aSl, 02t2l)fr5ftSlfi-;i?#ptJ:SSC 
HSiifc^LT^S©?, GaAsli^S^W 20 
£t>'>ft^A lffl^T*7-r K#+v:/#»&ftSJ:3K 
ft»), ISlEfcik^T*^ K*©A 1 fflS^ttT**, 

#So *6fcGa I nPttGaffija*/J^<r«fctt? 

< ftS t t^lZ^y K3> -y < ft 

So SandipS (Appl. Phys. Lett. 30 
6 0, 1 99 2, p p 6 3 0~6 3 2) 

x*;^-<OSfbtt/J^V\ -73, GalnP'NAI^ 

Sin-fa*, fiawx*;i/4 s -a*t<aoffi*?»x 
< ft 5 0 * <D%{timn?mi<Djjffj: 

Zl\ fit*, G a A sSffi±«jtT*fi, *£ftA 1 SS/jg 
OA 1 G a I n P%ft£V FJltf S&g#fc9, G a 
I nPa^pMiOHfc^tftftW^fBo/OF^ 40 

^ftT^^^T'tift^ofco cntwu *^fc«tn 
•fc/^K^attaqssn*. ctuc a 1 g a 

I nPRWSfciSjSfeU-ifTflHIII^ftofceflBffljB 

-7D-^gt<S[#-rsiii:^T-tSo center se 

*<fc &#?f»t0«Hfi*;S < j£#S©T\ 6 0 0 n mi 
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>), Xfi, SttiTJ, &£nfl?r«6 3 5 nm, 6 50 n 

0 0 nmi: D 

[0 l 2 2] £fc, W«JH3l5«OKWtJ:ntf, ¥3? 

•y FB*£#f S^xn&£#^j££ftT^S¥3iftft 
ftiWHctJi^T, ?£14JS«#pg*|5tgJgi:T*j£?ft 
S«?#p«JgT'£t), #P*tt(A 1 .. G a 

)«. In.-«. P,, As.-,, (OSx 
Kl. 0<a 1<1, 02 t l<l)frP>ftt>, 
Ili(A I G a i-»2 ) o2 In.-« 2 P t2 A 
S.-.2 (02x2<l, 0. 5<a2<l, OSt 

2^i)A^ftt>, ^7-y vmim'&.m&K>^yY¥* 

V fifiJz* <GaP*GaAs fcOlfflOte^tft***- 
S A 1 ?kf$hjT£.(k 1 y G a . - y ), In,- ,P,A 
s.-. (0<ySl, 0. 5<0<1, 0<vSl)fr 
£ft9, fittJlfc^^y K*tfiD|HIK:» ^>K3^>y7* 
tfSttiJ:!)**<>7y K«J:»>/Js£KA 1 , Ga 
), In,-, P u As.- U (02z<l, 0. 
5<y<l, 0<uSl)^SftS^VKS%#LT 
43(3, ^7-yKJltt, GaPtGaAsiOllllOftfg 
ISMtSA 1 *^AJ£(A 1 y Ga.-y ), I n 

P,As.-, (0<ySl, 0. 5</}<l, 0 
<vSl)T<£t>, GaAsIfitMTt§^7yK 

«*f *« t) v*?* -y 7**^* < , •m&ftxmm-c 

Sft, (Al, Gai-, ), In,-, P„ As 
>-« (0^z<l, 0. 5 < y < 1 , 0<u^l)A> 
6ftS>tAVF**5j:tf(A 1 Ga.-,. )., I 
n.-.i P,. As.-,. (O^xKl, 0<a 
1^1, 0^t l^l)^45l?#pt(A 1 mt G 
a, -.2 )„2 In, -.2 P, 2 As, -,2 (02 
x2<l, 0<a22l, OS t 22 1 )fr£>ftS|G§g 
lt± t» S C H«lii*}gfiKLTt>SCD-p, t^*,Cit^T 
KB© A 1 fflaMffi«T*, *«3tHlg'&«ao 

■e-sc^A^t, ]s-*T<»m&, «ffi^{CUt<<ft 
LT^ff ft«?#P«ig^f#S C feT't So 

^afi^ftpfiiigfc-rs c tT^+ u T*-tftK 

J;t)^P-^-t"y7t-rsctfeT^So Ga 
I n P tt, G a C«*/J%* < f S i:, «HP^»3b^* < 
ftS t ttic^y K^-v >y T'fi/jN^ < ftSo S a n d 1 
p6(Appl. Phys. Lett. 60, 199 
2, pp 63 0~6 3 2) fc±«^>K*i!tt<DIHK> 
f) * SMf tf S M> -y 7<0^fbt±G^ilT* 
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ftti/h£V\, -7j, Gain P'nA 1 ZmtaTZt, & 

mix^^-a** < a 0 wi^x*>MP-ii<h* 

a A sl&K±lllifi?H:**fcA \ fflj£<DA 1 G a I n P 
*1t1H Kflfc-TS&BtffctK Gain Pi?#pf 

OA lgj«*lB('p«40f, ** ftfiJWf'*:' RSI 10 
IWffenSo CtUCfcD, fiE*A IGaIn PRtm 

lAM^V^cftO^t'JT (*?) t-/^-7D-4f 
Of, 6 0 0 nm«J:»35gV->ifel<D#&£1\ 6 0 0nm 

cnicio, as, am*>, sR««ffr 

56 3 5nm, 650n mflNti&&¥9{tl/— tf, ^S 
fcfcV vc 6 0 0 n m J: »> fit nfcfiT'ftg-r 5 nj*!¥j§{* 20 

[0 1 2 3] »««4lB«0»Wt ±ntf. It* 

m i ami*** 3 <D\,^?tifr-mic$e,m<o¥m#¥mm 

?£*5(,>T, SttSttA s*&A/-P^*(A 1 . G a 
,-. )« In.-. P, As,-, (0^x<l, 0< 
al^l, 0^t^l)fr5>&oT4sO, As<D?Sinii 
*y F*+ -y < f 3©T\ tt? SftW G a P IC 

f^* •» ^t-^s * ^ v vrnzm^m 

63 5 nm, 6 50nmS#©600nmit) 30 
gfcfiOH^fcfljSTlrSo -f£fr-$, M^GaAs 
Sffi_b© 635nm, 650n m?f OfS^lCit^T:*:* 
^>K^t7/©^77 FJf **'J7®*— 
/t-7n-fll»?n, aS££Srtt&H&#&^$$ 
tt*ff5ilfc^T?t* e etitit), aS, attJ*), $ 
Sllflrr* 635nm, 650n mflf«0fSft¥aH*ly 

— if, »i^*0^a^^r*-K&£*ii0w-* 

[0 1 2 4] Sfc, SI**58B«©»WfcJ:tUf, tt$ 

^fcfcl^T. ftAV FSttA 1 £#3:&^G a, In 
i-, P u As.-. (0. 5<y<l, 0<u^l)fr> 

ftffG a Asi t)/Jv£ < as i:, /Sy 

OA 1 «J«*fi«T**o WAtf G a A slfi±(?)ife 

u— •rea, am, f*+ >y Tsaw 5 7 0 n mm 

m<D(Alo. 5 Gao. s ) 0 . s I no. 5 P#/fl^ 
SftTl^Stf, *ffln<DG aPtGa As uCDHgofe? 50 
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£S*51-**m£*«i:. A14tS4Ka.., 
I no. » PteJ;De©/<:/K¥*y^**Ht#*ft 
5 0 cl£Dfc46, 6 3 5nm. 6 50nmfffl3#feU- 
•Iffcfc^Tfe, gttffl«*A l ^Sat/^T'^fiScT- 
£, A l fciEB-f S3BS3feillg£m «®B*S^«St 

JBH^rtLhStfSCfc 
Sgffi£{fcL£< <£!), SlH73T*fcSe£IbfW 
RjfltaSo cniCit), KfflTJ, 
635nm. 650n m?g#©*fe¥3itt U— if, gjg 
Kfcl^T 6 0 0 n m J: 0 ffi^ifift-piai-rSBlSimifl: 

[0 12 5] Sfc, »*«6jE«©l8WJC±tUf, M$ 
m 1 7iS»3£51 5 <DV^-fn^-JS£f5«0¥«ftM^ 
^Cfcl^T, ^7yFI(iAs^t/i,fW(Al y G 
ai - y )i Ini-j P. As,-, (0<y^l, 
0. 5<j3<l, 0<v<l)fr65otfet), A 1 G 
a I n Pj&KcplcA s£#f:#5ChT*fcD-y£©?gjg 

until?, as, atbti. e 

SftfW 5 635nm, 650n mflf«S<0*]6¥##l/ 
-If, ^iSCfct^T 6 0 0 nmiOI^l^fit'Slt 

[0 12 6] $fc, M*9l78B«©»WtJ:ntf, W* 

m 2 7is»*R 6 tifi^-mtcmmvtmtbffflm 

G a A sIS±0 6 3 5 nm^b— <fT'«, BEISSffp 
*lcr*i:/OK^y7Wd^^*m (itGa I n 

p) »F*a*^<at)-rif, wso^«*^# 

aoTt>fco cn^Wt, *»WtJ:ntf» /OH4=+ 
«yy*^t < &5<DT\ ^77 FS«fc tJte^gttf*^ 

JgfigTt, attt6©ElilS6 3 5 nm»U-1f«BS** 

ffl±atetf&v\ cnt<fc»), as, am7D, s^»ff 

t5635nm, 650n m^^©*fe^ftU— tf , 
nUK*S^X6 0 0 nmJ:t)fiV^5T*fili-r5Pl^ 

[0 12 7] »*«8E«©5K8fcJ:ntf, M$ 
^^J31>T, WttlSttGaPAs^ftO, 
LTVSo G a PtG a A s £<DM<Dlfc?fe&£13;ZG 
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aPAs^ GaP$fc{43iifi±fc*< WZlf 3 0 fi 
m©JPSfc) figfiU HKWfcGaPAsSttfcfcfc-e 
3*>©£V P E SSFfc i 0#fipJtrc*£ 

fiB*. KSftffr 5 6 3 5 nm, 6 5 0nmffO^ 
^flMfcU— »f, £&ic:43^T6 0 0 nmiOMfif 

[0 1 2 8] »*«9E«©»flUcJ:nif» 

9 1 7imii*« 7 ©^i*ft*>-«K:fBfc©¥3i&f£fts!i 

?£t5t/>T, ¥*&S«fiG a A s $fc«G a Pfrfc* 
$S£tlT:fc t) , Ga As^fctJGa PSfctW*?* 

JSS*frfc3i:fctfTfN -&o»B-p»€ro-esa-p 20 

ffl*. SSBfFT « 6 3 5nm, 650n mflMKDffcfe 
¥*f*b— 9\ Mfifcfcl^T 6 0 0 n mi O&VMfcRT- 

CO 1 2 9] ffl$£i 0E«O»«t±tltf, M 

S?fr 0 CtUCfcD, AS. fcUtfj. ££»ftT£6 3 5 
n m, 6 5 0 n mff^©ffcfi¥#f*l^— if, Sfflfcfe^ 
T 6 0 0 n m«fc 0«^»fi?ail*« TO¥jW*U-1f 

Co 1 30] $fc s M«q(i lmmmwicznif, it 

tt, '>* < fc 2 WROtt?£ftO*5 *m*XSlc* 

1 1 tcmmm-m^ 4 o & , 

± 0 , .ffijg. * tftfj. $£ftflrr S 635nm, 650 
n mflr«©*fe¥IW*U— 9\ Sfflfcfc^T 6 0 0 n m 

CO 1 3 1] M$gi 2E«<DBl!l3K:«fcfttf, IR 50 
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©ttffl/<v7rSrtK:aufci&3cj:#-c£, ^f-oS 
^©ISateOigTfcB&^c: c*uc «fc 0, 

Aft. Affi^, S^ISf^-rS 635nm, 6 50nmf 

co 1 3 2] $fc, 3E«©awtcintf. n 
9 7isw^ 1 2 ©^-rn^-stiE^©^*^ 

tt^PEfcl^T, fflQ/^y7TMH. Ga I nPf-fcfi 

GaPAs*6a:5Ct*1$ttU^4. GaPAs 

SftttGa I n P8=7G*mTfc»K ffl»#g»T»& 

So GaPAs fcffl^**^ ¥&{*S«#G aPIfi 

OI*ttGaPeAs%4nA*^fpa<» 

S&tf G a A s S&<DB#li GaAsltP ^ifflx. 5 fcltT* 

m<^J©L J f>-ri\ Sfc, Ga I nPOl^li, MfS. 

W*. fiSlftfN-S 635nm, 650n m^#©/^fe 
If, Sfit^l^T 6 0 0 n mi DJSl^&gT* 

CO 1 3 3] $fc, n^Ri 4E«©5K8tJ:ntf, It 
3?98 $/cti|f^9|SK©^#ft|g^^t^^ T , 

*«Mt»fi©iii»ffitt, (i oo)ffifre»[o i i]7j[Rjfc 

0° ^6 5 4. 7° <D«lt«l>ftE Sfcttx (10 
0)ffiH[0-l 1]^(l10' i>5 5 4. 7" ©^ 

t), ¥»»3SS©ffi*ffi*« (10 0) SA^c, [0 11] 
*l^fc0* *»&5 4. 7* ©KHv $fe(4» (100) 
SA^ [0— 1 1 ] 75-IrHc 1 0° fr£> 5 4. 7°©fi5H 

SM@tS?©^fi!c%«]$!lTt, 
■iry7*i:«:*©-pffi»Sftlc#fiJi:ft5 0 $f c , «ffiS 

u— »f«, mn. ^twrnnxsmtcm^*. as©® 

»$L<S:V\ ffc, SS©ffi^rfi[^(l 0 0)S*^M 

5o cntit), HKS. HSIB*. Sft£»ff-r«6 3 5 n 
m, 6 5 0 n mWOiStft¥Vf|:U— MigtfeV>T 
6 0 0 nm«t Ofit^fiTSai-rSBrS^ftU— tf-f> 
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[0 13 4] $fc, m$gl 5E«©588KJ:ftff* If 

8 £ fcttHftfl 9 E*©¥»ft»)fc*y fcfcl^T* 
^Tng^jbHgfljSfiSftsicfcjioT, G a P A s 

WtfcLTV^*. GaPAsS1£©8ffi, ffctt, Jf% 

tit)> AS, Afcti7J, S€ttfW5 6 3 5 nm, 6 5 
0 n m#3F©3Sfi#3M*U— tf , IfiCfe^T 6 0 0 n 

CO 1 3 5] g=7c, MSgl 6ffi«©f»BK«fc*Uf, W 
8 £ fc«W*^ 9 K«©*ftM«Bfc*?K:*3^T, 
¥«M**tEfc'NxnJS£8P£©|Blc, /f©l?®©±ffitf 

TV5o GaPAslSOSE Sfctt, »R]/ty7r. 

*i«*a©*a±ttt, 33?, «?^fit^*»tos^p 

a»^8P«fiLfcl^©«fc4tefl>:P(Sf64©ie«i:4 D 
c©±54EIfl«ffli&i^-p«5-r*jI*dtr 
*©±Jf tK cn^BS^cfc^i?**. 

Cfttit), AS. Atti7J, SSftfFTS 6 3 5 n m, 
6 5 0 n mmil©Jfcfe¥llft^-1f, gfifcfet^T6 0 

3tJ»*©RHS«)t^*- KftEtStt*-* d 30 

So 

CO 1.3 6].*ft, H*«l 7Ctt©»filCj:nifv» 
**1 6l5«©^tt8ft*?fct*vt\ 1©I?S©± 
ffi#TE(»£{l!l) ± !) WC-£S1«, S e % 5 x 1 0 
" cm" 3 W±KK-7"LftGaInP?*4Ct4 
#^i:LTt/>5o *R©aW#ti, Se*A*ftfc:K- 
7°L7cG a I n P ima*Mtb&?o?&&t *ttSt£* 
LT^SCk^afflbfe, CtUcfcD, B©J?ffi©±® 
tfTffi (lii i>3¥ffl£ft3©T\ ^xng^-gp% 

«><t?*s. cntit), as, aw*, ssftf^-r* 

635nm, 650n m1f *©iSfeiMW$ U— 9 s , ^S 
fcfc^T 6 0 0 nm± m^&&?¥m* 

[0 13 7] £fc, flt&gi 83a«©58WKJ:nif, M 
li, Se£5xio' 8 cm" 3 tlb£K-7*LftGa 
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e**«*t K-7*bfcG a I n P*fl3l^«cl 
*#&fefc-escfcT, b-*;l/©j&SJl©/P££{£M 

T't^o CftfcJ:!), AM. Atti7J, gjti&fff 3 6 3 
5 n m, 6 5 0 n m$g#©ifcfe¥#{*U— if % gfilcfe 
^1600 n mi *) ti.^VL&Vfm* 5nTS*»#U- 

[0 13 8] Sfc, m&Hl 9lE«©f»il§fc:J:tur, II 
*S 1 71S»#JS 1 8 ©1^-f ftfr-:>Sk:i2i4©¥»#fg 

(M 0 C V D ) £ It li#?Hx If * * (M B E ) K <fc 
&JS«*ttfcfc©T?fc*Ci:*1#«i:LTVS. A 1 G 
alnP (As) &tm«\ Sa^BHIB^OA 1 ©fil 
«fffi»sy*# < , fijftfflft©£fr 
5 0 £fc, /NDy>*|2fttli:«fc««ffiifi«S (VPE) 
tt, KSTSfe* A 1 C 1 #53lRJ&**(rarrsiH!H# 
fcOBHtT-ifc*. S«S£JlM*g$fi?£ (MOCV 

D) £fctt5m£xfc!**$/-j£ (MB E) ttlMMWt 
©A^JSft&ffiTffcO, fiKfi^IIlSlli3B^»BiJt3S: 
oTl^S©T\ Cft&©^©<£fitCttS46r^aT-$ 
*>S«fcJ«fiT?SSo dftfCfcOx AS, AttJ7J, 
l&fFf 5 635nm, 650n mflHf ©*feiMI#U— 
If, SStfe^T6 0 0nm«t»)^^ST^-rSRl 

[0 13 9] £fc, »*3l2 0lE«©«l!BJJ:J:ti«r, If 

^a, «a4jB*ffija«a(MocvD)$fctt»?ttx 

'sr Ptt^tf©tfi A<£ JfiBES 1 CSHTM^ L T^fi 

^hW^^U-vh^fe^o cfttcit), AS, Aatfj, 
fiSftff-T * 635nm, 650n m ?^©!fc&¥#ft 
U— If, lSti3V>T 6 0 0 nmif St^ttS'PRS'f 

5^a*«#u-if^K««a*©Rrs»«^>r*-- k 

[01] tt?l£ai:^>'F4 I -i"y7*x*;l/^-i:©Hff 
[0 2] *W8lc{|«j|^9»»R?©«IA0l«^rH 
[03] *^t^5#«ft%)t^©®fi!c0!l^^-r0 

[04] *m£&z*m{&m&tDmmm**B 
[0 5 ] *j%we>nmm 1 7 ©^*^7t^? 

©fi*#Wc*S-fHT?fcSo 

[06] H«ffi|4©ffl»fAy7rJI*^-rHT»a&Se 
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[07] mtme. nmm7 <Dm&m*m?m?%z 0 
m 9 ] *%mnmm 9 (Dmwmm^mm^ 

t0T*£3 o 

[010] *&JJO?tft0il 0CQ¥#{*fgft||?£DSij£ 

[01 1] (1 0 0)ffifr5 [110] *ft|C2* o f f 
LtzG a Pa. A so.. xt!S«±cr,A 1 I nPtA 1 I 
n P A scDSSyv;bX+- (*ffi*7*oi?-) ^-M 
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1=21 S i 0 2 

2 2 p«g 

23 nmnm 

i l 

12 ^U-f7K;Vy77i. m&?'<v7 
rM, teMrtvy rm 

1 3 mim-m 

14,18 KB 

1 5, 1 7 ytX'fvm 

1 6 S14B 

19 **v?m 

20 ^yztvm 

2 1 s i o 2 

2 2 pflMffi 

2 3 . nmrnm 

1 1 *m&mw. 

12 yb-f7h*A 7 77i, 11g?A77 
7S. &&rty7 7fa 

1 3 ffl$i$-B 

1 4. 1 8 *5-y KB 
1 5, 1 7 KB 

1 6 S14B 
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